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• Definition: Intersection of the PROXIMAL axis 
and DISTAL axis of a determine bone  
 

• The point which can be rotated to achieve 
correction of deformity  





• M (Mechanical Axis 
Deviation) 

• A (Analyze joint angles)  

• P (Pick the bone) 

 

• A (Apex of  the deformity) 

• B (Bone cut) 

• C (Correct the deformity)  





1 

Osteotomy Rule #1 
  “Made the cut in the right spot (exactly where the 
lines cross)…I’m all set” 



2 
Osteotomy Rule #2    

“I can’t make the cut where I want… have to translate 
my distal piece somewhere” 

 



3 
Osteotomy Rule #3     

“Crap… I made the cut / placed my hinge where I 
thought it should go, but forgot to translate… I 
shouldn’t have done that and now my bone is 
crooked” 





?  





Assessment of inter-rater reliability and “Normal Values” 
Lamm BM, Stasko PA, Gesheff MG, Bhave A et al. JFAS 2016  





• Valgus Ankle 
– STJ inversion (30 degrees) with forefoot compensation 

beyond  
 

• Varus Ankle  
– Less tolerated due to 15 degrees of  maximal eversion 

at STJ 
 

• Tibial Recurvatum  
– Anterior translation of  lateral process (Foot forward)  
– PF of  ankle  
– Increased fatigue with running 

 
• Tibial Procurvatum  

– Posterior translation of  lateral process 
– DF of  ankle  

 
• Equinus  

– Hip abduction, genu valgum, midfoot abduction  

Varus Valgus 



• STJ Varus  Forefoot Valgus 
 

• STJ Valgus  Forefoot Varus 
 

•  MTPJ translation (Med / Lat) 
 Opposing phalangeal 
translation  
 

• Metatarsal declination  
MTPJ elevation  

• Metatarsal elevation  MTPJ 
declination  









 









 
• Coughlin et al. JBJS 2003 

Hamilton et al. Clin Pod Med Surg 2009  
 

• 10-15 degrees of valgus  
• 20-30 degrees of DF  

 
• Too much PF  increases stress at IPJ  

 
• Too much DF  impaired shoe fitting ; 

lateral column overload  



Prednisone   
• Osteoporosis and risk of 

fracture  
 

• Short term administration (to 4 
weeks) in rat femur fx model 
shows no stat sig diff compared 
to control (Asian et al. Dent 
Traumatol. 2005)  

  
• Ankle arthrodesis in RA vs. 

Control with comparable rates 
of fusion (Cracchiolo et al. JBJS 
1992) 

NSAIDS 
• Inhibition of PGs  negative 

effect on endochondral 
ossification  
 

• Review: Short term 
administration of COX 2 inhibitors 
in low risk patients acceptable 
(Geusens et al. Curr Opin 
Rheumatol 2013) 

 
• Rat studies show delay in callus 

formation in femur (10 weeks 
administration) (Altman et al. JOT 
1995 et al)   
 

• P< 0.00001 delayed union / 
nonunion (worst than smoking) 
(Giannoudis  et al. JBJS 2000)  



• Labs  
– C Telopeptide (> 300 pg/ml)  
– iPTH (10-55 pg/ml)  
– Vit D 1,25 Dihydroxy  

• 18 – 64 pg/ml males  
• 18-78 pg/ml females  

 
• Calcium 1000 – 1500mg / day 

 
• Vit D3 1000 – 4000 IU / day  

 
• Vit C 1000mg / day  

 
 



• Post operative Morphine  
 
– Inhibits bone callus 

formation / strength in 
animal model @ 8 weeks  





 Akin / Youngswick using Osteotomy Rule #2  



 #1 



Wynes et al. JFAS 2016  
Avg. metatarsal shift 5.4mm  





36 degrees of 2nd met 
39 degrees of 3rd met 
27 degrees of 4th met  



Spector et al. JAPMA 1984 
Sagittal plane alignment > importance than transverse in 
decision to ORIF (12 consecutive cases)  
 
Shereff et al. Orthopedics 1990 
Fixate when 3-4mm / 10 degrees angulation 
 
Russell RD, JFAS 1990 
Higher incidence of malunion with multiple metatarsal 
fractures secondary to pain and inability to walk 
 
Sammarco GJ et al. Clin Orhop N. Am 1995 
Healing in 6-16 weeks with intramedullary fixation 
 
Murphy et al. JFAS 2012 
Advocates for osteotomy for evidence of malunion in 2 
cases 
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• In this case series, we examine the use of a novel 
beaming construct to reduce abduction deformity in 
Charcot neuroarthropathy (CN) of the midfoot. We 
hypothesize that beaming only the 2nd ray to the talus 
will provide reproducible stable fixation and reduction 
of pertinent radiographic parameters maintained at long 
term follow-up. 
 

 
 

 

FIGURE 
2 

• The literature has shown the benefit of beaming the 1st 
ray to the talus in midfoot CN (5, 6, 7). 

• In our 3 patient case series, the method of realigning 
the foot with only a 2nd ray beam to the talus along with 
1st ray beam to the navicular, CC joint fusion, and STJ 
fusion showed positive clinical results, including no 
reulceration, development of ankle CN, or hardware 
failure. 

• Pertinent radiographic parameters showed improvement 
with this construct that were maintained at minimum 1 
year follow-up. 

• Furthermore, the construct provided benefit in the 
setting of staged reconstruction for osteomyelitis, as 
well as when augmented with external fixation (Figure 
4). 
 
 
 
 
 
 
 
 
 

 
 

• Our case series exemplifies a novel construct that 
addresses abduction deformity in midfoot CN. Despite 
the small sample size, the results indicate that this 
method could achieve adequate correction while 
minimizing risk of overcorrection. A larger prospective 
study should be undertaken to verify these findings with 
long-term follow-up.  

• The deformity and neuropathy caused by CN predisposes 
the limb to instability and ulceration. Patients with 
diabetic CN with wounds have been found to have a 12 
times higher risk of major amputation (1). 

• Multiple radiographic parameters and their influence on 
wound formation have been studied, including AP and 
lateral talar-1st met (Meary’s angle), cuboid height, and 
calcaneal inclination angle (2, 3, 4). 

• The use of beaming in midfoot Charcot reconstruction 
has been shown to improve clinical and radiographic 
parameters, although complications such as infection 
and non-union have been reported (5, 6).  

• The literature is lacking regarding techniques for 
reconstructing abduction deformity in midfoot CN. We 
provide a novel technique that avoids overcorrection 
while addressing important radiographic parameters and 
provides long term stability. 

1. Wukich DK, Sadoskas D, Vaudreuil NJ, Fourman M. Comparison of diabetic Charcot patients with and without 
foot wounds. Foot and Ankle International 2017; 38(2) 140-148 

2. Bevan W, Tomlinson M. Radiographic measures as a predictor of ulcer formation in diabetic Charcot midfoot. 
Foot and Ankle International 2008 

3. Meyr AJ, Sebag JA. Relationship of cuboid height to plantar ulceration and other radiographic parameters in 
midfoot Charcot neuroarthropathy. Journal of Foot and Ankle Surgery 2017 

4. Wukich et al. Radiographic analysis of diabetic midfoot Charcot neuroarthropathy with and without foot 
ulceration. Foot and Ankle International 2014 

5. Grant WP, Farcia-Lavin S, Sabo R. Beaming the columns for Charcot diabetic foot reconstruction: A 
retrospective analysis. The Journal of Foot and Ankle Surgery 2011; 182-189 

6. Sammarco JV. Sammarco J, Walker EW, Guiao RP. Midtarsal arthrodesis in the treatment of Charcot midfoot 
arthropathy. Journal of Bone and Joint Surgery 2010;92 

7. Lamm BM, Siddiqui NA, Nair AK, LaPorta G. Intramedullary foot fixation for midfoot Charcot neuroarthropathy. 
The Journal of Foot and Ankle Surgery 2012; 531-536 
 
 

 

• 3 patients with consolidated Charcot neuroarthropathy of 
the tarsometatarsal joint resulting in midfoot abduction 
were included in this case series (Figure 1).  

• All patients had type 2 diabetes mellitus complicated by 
peripheral neuropathy. 1 patient had a medial midfoot 
wound with contiguous osteomyelitis, 2 patients were 
without ulceration. 

• Radiographic measures were taken pre-operatively and 
at final follow-up post-operatively.  

• Outcomes evaluated include change in radiographic 
measures, hardware failure, as well as ulceration and 
ambulatory status at minimum 1 year follow-up. 

• Infection is addressed prior to reconstruction of deformity. 
• Achilles tendon lengthening or tenectomy is performed 

percutaneously. 
• An incision is made vertically over the medial prominence 

of the midfoot. Steinman pins are inserted perpendicular to 
the long axis of the 1st metatarsal and talus to guide 
osteotomy with sagittal saw. A medially based wedge is 
removed from the midfoot at the apex of deformity, with 
translation performed to promote adequate reduction and 
in accordance with deformity correction principles (Figure 
2A). 

• Appropriate placement of guide pins is confirmed with 
fluoroscopy. Drills can be left in place to maintain 
reduction (Figure 2B). 

• Utilizing cannulated 7.0mm cortical screws, the 1st ray is 
beamed from the 1st metatarsophalangeal joint to the 
navicular tuberosity. The 2nd ray is beamed past the 
talonavicular joint. The calcaneocuboid joint (CCJ) is fused 
(Figure 3).  

• The subtalar joint (STJ) is prepared through a lateral 
approach and fused with 1 6.5mm partially threaded screw 
(Figure 3). 

• An external fixator with extra-articular pin to stabilize the 
ankle joint may be applied as necessary to augment fixation 
and allow for weight-bearing. 

• 1 patient osteomyelitis was treated with a 2-stage 
approach utilizing antibiotic-loaded calcium sulfate 
cement prior to reconstruction and primary closure of 
wound. 2 patients were treated with supplemental 
external fixation for 3 months to augment fixation and 
allow for weightbearing. 

• At final follow-up (average 1 year 3 months) thus far: 
• None had surgical site infection 
• None experienced hardware breakage or 

loosening 
• None developed ipsilateral ulceration 
• None developed ipsilateral ankle Charcot 

neuroarthropathy 
• None underwent major amputation 

• At final follow-up (average 1 year 3 months) thus far: 
• AP Meary’s improved +16 degrees 
• Lateral Meary’s improved +15 degrees 
• AP calc-5th met angle improved +8 degrees  
• Calcaneal inclination angle improved +4.3 

degrees 
• Cuboid height remained negative in all 

patients 
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Sammarco 
(GJ) et al JBJS 
2003  
 

Sammarco 
(VJ, GJ) et 
al JBJS 
2009 
 

Grant JFAS 
2011 
 

Wiewiorski 
et al. JFAS 
2012 
 

 
Cullen et al. 
JFAS 2013 
 

Ford et al. 
FAI 2018 
 

83%  union @ 
35 mos 

 
 Span the 
Charcot 
segment  
 

73% union 
@ 52 mos  

 
8/22 
broken 
screws  
 

+/- STJ 
fusion, 31.00 
± 22.97 
months  
 
Maintenanc
e of Xray 
correction  
 

No failure @ 
27 mos 
(6.5mm 
fusion bolt)  

 
Medial 
column and 
CCJ  
 

No failure @ 
18.5 months 
 

Ulcer free in 
84% @ 1 
year follow 
up 

 
Pre 
operative 
ulcer as risk 
factor 
 





Rettedal et al. JFAS 2018 
 

• Charcot Reconstruction 
Preoperative Prognostic Score 
(CRPPS)  

• Poor prognosis = wound / major 
amputation at last follow up [4.33 
± 1.07] 

• Score of [2.96 ± 1.23] consistent 
with better prognosis  

• Score > 4 consistent with poor 
outcome 

• Regression: anatomic location 
(ANKLE) / CRPPS  

• Sensitivity of 75% ; Specificity of 
71% 



 



Lateral Meary’s of -27 degrees; predictive of ulceration   
Bevan et al. FAI 2008 



N = 15 Charcot  
(7) Lisfranc 
(4) Midtarsal 
(2) NC  
(1) Perinavicular 
(1) Multiple 
 
N = 19 DM / Neuropathy  
 
N=16 unimparied 

Level 2; NIH Funded Study  



Development of neuropathic ankle after midfoot charcot:  
5 / 171 feet  
 
Pinzur MS. FAI 2012 



Limb salvage > 90%  
 
Can be used as adjunct to internal 
fixation 

(Cooper et al. Foot Ankle Clin 2002, Pinzur FAI 2007, 
Zarutsky et al. JFAS 2005) 

 





Hmmm… 





Cates NK, Dalal D, Wynes J.  








Case #5: Pre Operative Clinical 















Lateral SAR  20mm plantar to origin 
Axial SAR 24 mm distal to origin  

Talotibial angle 73 degrees 
CIA 28 degrees 
Talar first met 12 degrees apex dorsal   
  



MAD 3mm lateral translation 
1 cm short axially  
Forefoot varus 25 degrees  
8 degrees abduction   



Lamm et al. JFAS 2016 



Planned Procedures 
• Midfoot Gigli Osteotomy 

 
• Achilles Lengthening 

 
• Prophylactic Tarsal Tunnel 

Release 
 

• First MTPJ Arthrodesis 
 

• Calcaneal Slide Osteotomy  











Use of Computer Assisted Hexapod for 
Arthrogrypotic Deformity  

Eidelman M.  
• Arthrogypotic deformity treated with ex 

fix for mean 16.1 weeks (14-18)  
• N=7 over 5 years (6 clubfoot, 1 vertical 

talus); 6 using Butt Frame 
• Pin tract infection in 4 patients, 1 patient 

with malalignment, 1 patient with 
recurrence of forefoot suppination, 2 
patients with acute calcaneal osteotomy  

• JPO 2011 
 

 
• Use of midfoot gigli osteotomy and 

hexapod external fixator  
• N=11 children with mean age of 14.7 

years  
• Mean time in external fixator 15.1 weeks  
• Pin tract infection in 5 patients, 2 patients 

with partial recurrence, 5 patients with 
premature consolidation  

• JPO 2012 
 
 
 
 



Intra Op 

First MTPJ Fusion  

Medial Calcaneal Slide Osteotomy 

Midfoot Gigli Osoteotomy: 
Intercuneiform  



Performing the Midfoot Gigli 
Osteotomy 

 

Lamm et al. JFAS 2014 







Intra Op 



Mounting 
Parameters 



Sitrrup Wires 





Beginning of distraction after 7 day latency  
 
Axial distraction FIRST then 0.5mm / day for angular correction  



 









Status post ex fix removal:  
Casted for 3-4 weeks and pinned axially  



Regenerate Formation / Deformity 
Correction  













• Assess mechanical axis of the foot for 
ABDUCTION / ADDUCTION (Normal ~ 0-5mm)  

• Use reference lines and orient cuts perpendicular 
for increased accuracy 

• If making osteotomy outside of CORA / APEX then 
TRANSLATE to avoid secondary deformity  

• Pain is due to the body’s inability to compensate  
• Assess if deformity is supple vs. rigid  
• Post-traumatic and congenital deformities may 

require gradual correction  
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