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Introduction

Charcot foot deformities are a difficult, malignant complication
of peripheral neuropathy. Although “rocker bottom” feet were
originally described in patients with syphilis [1], today’s Charcot
deformities are mostly due to diabetic neuropathy [2] combined with
trauma to the foot.

Numerous surgical and non-surgical treatments are available,
and should aim to reduce risk of complications or amputation in the
future, and ideally, surgically create a plantigrade, biomechanically
stable foot [3].

Outcomes without adequate treatment include diabetic ulcers,
osteomyelitis, amputation, permanent disability, and lower patient
quality of life. Literature review predicts five-year mortality rates after
initial ulceration to be 40% [4], and any type of lower limb amputation
five-year mortality to be 53-100 % [5].

In his 1966 book, Eichenholtz postulated that the reflex muscle
spasm following a fracture, without reduction, would cause
angulations and/or overriding of the bones involved, leading to
misunion in the healing process [6]. Literature has proposed that
Charcot is a result of demineralized bone and weakened ligaments [7].
Grant and colleagues showed that patients with midfoot dislocations
had near normal central bone density, and increased regional bone
density. They concluded that the midfoot dislocation “may signify
an aberration of capsule/tendon, which is unable to withstand the
bending moments of gait and thus resulting in dislocation” [8].
Furthermore, the authors of the current study hypothesize that
midfoot Charcot deformity is characterized by ligamentous failure.

When considering a surgical Charcot reconstruction, the medial
column has been well studied and emphasized, such as the relationship
between the 1st metatarsal and talus, otherwise known as Meary’s
angle. This 0-degree angle is used to measure outcomes of numerous
studies and surgical procedures. However, such characterization of
the lateral column has not been as well studied in previous research.
Previous research has shown that a positive correlation exists between
cuboid height and calcaneal-fifth metatarsal angle [9]. Additionally,
patients with Charcot neuropathy and ulcers exhibit significantly
greater deformity in respects to calcaneal-fifth metatarsal angle and
lateral column involvement than their non-ulcer counterparts [10].

Therefore, characterization of the “ideal” lateral column is imperative
to significantly improving patient outcomes.

The aim of the current study is to radiographically characterize
the lateral column in Charcot midfoot collapse.

Methods

Patients were identified using ICD-10 codes through the DMU
Foot and Ankle Clinic records (M14672 and M14671). Lateral
radiographs were deidentified and presented to an experienced,
third party podiatrist to measure. Angles of interest were Calcaneal
Inclination Angle (CIA), Critical Angle of Gissane (CAG), Bohler’s
Angle (BA), and a Calcaneal-5" metatarsal bisection angle (C5™).
Additionally, the authors were interested in the distance that the
cuboid falls below the horizontal line between the lowest aspect of the
calcaneus and 5% metatarsal head, hereafter referred to as “Cuboid
Height” (CH).

Furthermore, x-rays were visually inspected to determine lateral
column involvement, cuboid plantarflexion, and forefoot subluxation
over the tarsals. Radiographic angles and qualitative observations
were then correlated with ulceration presence and location.

Results

Six patients were excluded due to poor visualization, or too
extensive of destruction to measure angles accurately, leaving 47
patients and 50 feet to be analyzed. 18 participants were female
(38.3%) and 29 males (61.7%). Average age was 60.8 years old at the

Table 1: Ulceration locations.

Location Frequency
Lateral Plantar 14
Medial Plantar 7
Heel 3
Ankle 3
Central Midfoot 1
Central Forefoot 3
Dorsal Foot 2
Total Ulcers 33
Total Feet with Ulcerations 31
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Table 2: Data Summary.

CAA (*) MAA (*) CIA (%) C5" (%) CAG () BA (*) CH (%)
Mean SD |Range Mean SD Range Mean SD Range Mean SD |Range| Mean SD Range Mean| SD Range Mean| SD Range
All -21.4- -6.0- -10.3- -15.3- 97.9- 21.2- -13.9-
patients 16.9 |12.91 282 14.5 10.26 248 9.2 1827 261 10.3 |10.28 304 128.4 24.41 180.0 36.3 | 16.86 129.7 0.5 | 7.57 155
No 0.0- -6.0- -5.1- -4.2- 97.8- 27.8- -5.2-
Ulceration 19.8  11.1 435 159 11.15 33.9 12.9 19.29 26.1 14.6 |10.57 30.4 1332.5/28.92 159.8 36 10 65.5 46 |7.19 15.5
All -21.4- -1.4- -10.3- -15.3- 99.0- 21.2- -13.9-
Ulceration 15.5 | 13.66 204 13.7 | 9.9 248 7.1 16.98 222 7.8 | 9.43 29.0 126.3 22.16 180.0 36.4 | 19.6 129.7 -1.8 | 6.87 154
Lateral
-21.4- 0.9- -10.3- -15.3- 99.0- 25.3- -13.9-
PLIJalttr;;?r 10.7 | 14.3 204 17.2 111.75 348 57 537 121 35 | 8.02 13.7 132 | 205 180.0 33.3  5.19 417 -5.7 1 4.8 29
Medial 0.7- 3.1- -2.5- -6.5- 101.3- 29.8- -11.8-
Ulcer 21.7 |15.74 48.2 10.1 | 5.49 19.7 6 5.44 14.8 79 | 825 15.4 111.2 | 9.2 125.8 33.2 | 3.86 38.7 -0.4 16.17 49
Accepted 05 0-15 18-21 None~ 120-145 25-40 Positiver
Range

*CAA: Cuboid Abduction Angle; MAA: Metatarsus Adductus Angle; CIA: Calcaneal Inclination Angle; C5™": Bisection of Calcaneus and 5" Metatarsal; CAG: Critical
Angle of Gissane; BA: Bohler's Angle; CH: Cuboid Height Relative to Lowest Point of 5" Metatarsal Head and Calcaneus.
No accepted range of normal previously described.

Table 3: P-values comparing.

CAA MAA CIA C5th CAG BA CH
Ulceration/No Ulcer 0.16009 0.25279 0.00904 0.01392 0.23187 0.47062 0.00213
Lateral/Medial Ulcer 0.6757 0.07863 0.44632 0.13258 0.02413 0.48916 0.02602

CAA: Cuboid Abduction Angle; MAA: Metatarsus Adductus Angle; CIA: Calcaneal Inclination Angle; C5™: Bisection of Calcaneus and 5" Metatarsal; CAG: Critical Angle
of Gissane; BA: Bohler's Angle; CH: Cuboid Height Relative to Lowest Point of 5" Metatarsal Head and Calcaneus); in patients with an ulceration and no ulceration,

and ulcerations located medial or laterally.

Table 4: Radiographic Characteristics on Visual Inspection.

Lateral Column Involvement Cuboid Plantarflexion Forefoot Subluxation
n % n % n %
All Feet 27 54 28 56 17 34
No Ulceration 8 421 6 31.6 5 26.3
All Feet with Ulcerations 19 61.3 22 71 12 38.7
Lateral Plantar Ulcer 13 92.9 13 92.9 7 50
Medial Plantar Ulcer 2 28.6 3 42.9 1 14.3

time of data collection, with a range of 43-84 years old, and with four
patients confirmed deceased at the time of the current study.

Radiographically, the lateral column was involved in 27/50 feet
(54%), cuboid plantarflexion was seen in 28/50 (56%), and forefoot
subluxation in 17/50 feet (34%).

Of the 50 feet analyzed, ulcerations occurred in 31 feet (62%),
with two feet studied having multiple ulcerations, further described
in Table 1. Mean, standard deviation, and range of the measurements
previously described are outlined in Table 2 for all patients, those
with or without ulceration, lateral ulcerations, medial ulcerations,
as well as a comparison to the previously described accepted normal
ranges of these measurements.

When comparing Charcot feet with ulcerations versus no
ulcerations, CIA, C5", and CH were all statistically significantly
different (p<0.05). With attention drawn towards ulceration location,
comparing measurements in feet with laterally or medially located
ulcerations, CAG and CH were all statistically significant (p<0.05)
(Table 3).

Discussion

Charcot feet with ulcerations had significantly different
measurements in the sagittal plane, but failed to have significant

differences in the transverse plane, or in angles associated with
calcaneal fracture. This is consistent with previous research that has
described sagittal plane deformity such as negative cuboid height as
best predictors of Charcot ulceration [10].

When considering location of ulcerations, CH and CAG were
the only statistically significant measurements that were different
between medial and lateral ulcerations. CH was negative in all but
two lateral ulcer feet (85.7%), with one foot having a positive CH of
2.9mm, and another being Omm.

Logically this could predispose a patient to a lateral ulceration
sub-cuboid prominence. Medial ulcerations had only 3 feet that had
negative CH measurements (42.9%). This supports previous research
by Hastings that Charcot deformities start medially and extend
laterally with time [11].

As for CAG, average angle for lateral ulcerations (132.0°) was in
the normal range of 120-145°, while the average for medial ulcerations
fell below the normal range (111.2°). Additionally, only 6/14 (42.9%)
lateral ulceration feet had a CAG outside of the accepted range, while
only 1/7 (14.3%) medial ulceration feet had a normal CAG.

A novel consideration of the current study is the evaluation of
lateral column involvement, cuboid plantarflexion, and forefoot
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subluxation in clinical outcomes. All of the feet with lateral
ulcerations (100%), and 33 feet overall (66%), had at least one of
these clinical features (Table 4). Lateral column involvement and
cuboid plantarflexion were highly prevalent in all groups. Highest
incidence of all three qualitative measures was seen with lateral
plantar ulcerations, with all but one foot having lateral column
involvement and cuboid plantarflexion (92.9%), and half having
forefoot subluxation so that the metatarsal were sitting on top of the
tarsal bones (50.0%).

In a previous study by Bevan, the author also investigated the
presence of ulceration with radiographic angles in 24 feet. However,
in that study, ulcerations were only described as being at the midfoot,
and the only statistically significant measurement was Talar-1%
Metatarsal angle on a lateral radiograph [11].

The current study adds to previous, similar work by adding clinical
manifestations of radiographic angles impact such as ulceration
location, as well as further describing specific qualitative risk factors
for ulcerations. By looking at these measures, clinicians can gauge a
patient’s risk of ulceration due to the position of the lateral column
by inspecting CH, C5", and CIA, as well as lateral column changes,
cuboid plantarflexion, and forefoot subluxation.

The current study has its limitations, such as being retrospective
in nature, with a limited sample size at one institution. Many patients
were referred to the clinic for exacerbations of Charcot foot, not
initial treatment, so age of onset is unknown for each patient in the
current study. Additionally, radiographs available for several patients
had their limits, including many non-weight bearing images [12],
previous internal fixation [1], and severe anatomic destruction from
advanced disease [6]. However, these are all obstacles one will observe
in practice with these cases. More research should be conducted at a
higher level.

Conclusion

CIA, C5%, and CH changes increase a patient’s risk for ulceration
significantly, and merit attention by the physician when evaluating
a Charcot foot case. Charcot is a complex deformity with high
morbidity and mortality. Effective treatment has continued to perplex
physicians. Risk of ulceration with Charcot is 65-83%, with 26%
amputation [13,14]. Future research should be directed toward how
to better treat Charcot involving the lateral column in limb salvage.

Acknowledgments

The authors would like to acknowledge Dr. Ashley Dikis for
her support and diligence in making the measurements used in the
current study.

References

1. Charcot J-M. Sur quelques arthropathies qui paraissent dépendre d'une
lésion du cerveau ou de la moelle épiniére. In: Arch Physiol Norn Pathol.
1868: 161-178.

2. Lippman E, Crow JL. Neuropathic arthropathy associated with diabetes
mellitus. Journal of Joint Surgery. 1955; 37: 971-977.

3. Pinzur MS, Lio T, Posner M. Treatment of Eichenholtz stage | Charcot
foot arthropathy with a weight-bearing total contact cast. Foot & Ankle
International. 2006; 27: 324-329.

4. Jupiter DC, Thorud JC, Buckley CJ, Shibuya N. The impact of foot ulceration
and amputation on mortality in diabetic patients. I: from ulceration to death, a
systematic review. International Wound Journal. 2016; 13: 892-903.

5. Thorud JC, Plemmons B, Buckley CJ, Shibuya N, Jupiter DC. Mortality after
nontraumatic major amputation among patients with diabetes and peripheral
vascular disease: a systematic review. Journal of Foot and Ankle Surgery.
2016; 55: 591-599.

6. Eichenholtz SN. Charcot Joints. United States of America: Charles C
Thomas. 1966.

7. Catanzariti A, Medicino R, Haverstock B. Ostectomy for diabetic neuropathy
involving the midfoot. Journal of Foot and Ankle Surgery. 2000; 39: 291-300.

8. Grant L, Yoho R, Halaharvi C, Grant W. Charcot collapse: does collapse
pattern dictate osseous metabolism? Foot & Ankle Specialist. 2016; 10: 428-
434.

9. Meyr A, Sebag J. Relationship of cuboid height to plantar ulceration and other
radiographic parameters in midfoot Charcot neuropathy. Journal of Foot and
Ankle Surgery. 2017; 56: 748-755.

10. Wukich D, Raspovic K, Hobizal K, Rosario B. Radiographic analysis of diabetic
midfoot Charcot neuroarthropathy with and without midfoot ulceration. Foot &
Ankle International. 2014; 35: 1108-1115.

11. Hastings MK, Sinacore DR, Mercer-Bolton N, McCormick JJ, Hildebolt CF,
Prior FW, et al. Precision of foot alignment measures in Charcot arthropathy.
Foot Ankle Int. 2011; 32: 867-872.

12. Bevan WPC, Tomlinson MPW. Radiographic measures as a predictor of ulcer
formation in diabetic Charcot midfoot. Foot Ankle Int. 2008; 29: 568-573.

13. Nilsen FA, Molund M, Hvaal KH. High incidence of recurrent ulceration and
major amputations associated with Charcot foot. J Foot Ankle Surg. 2018;
57: 301-304.

1

S

. Thewjitcharoen Y, Sripatpong J, Parksook W. Salient features and outcomes
of Charcot foot — An often overlooked diabetic complication: a 17-year-
experience at a diabetic center in Bangkok. J Clin Transl Endocrinol. 2018;
11: 1-6.

Submit your Manuseript | www.austinpublishinggroup.com

Foot Ankle Stud 3(1): id1023 (2021) - Page - 03


https://www.europeana.eu/en/item/03924/_0011_oai_biusante_parisdescartes_fr_medica_epo0137
https://www.europeana.eu/en/item/03924/_0011_oai_biusante_parisdescartes_fr_medica_epo0137
https://www.europeana.eu/en/item/03924/_0011_oai_biusante_parisdescartes_fr_medica_epo0137
https://journals.lww.com/jbjsjournal/Abstract/1955/37050/NEUROGENIC_ARTHROPATHY_ASSOCIATED_WITH_DIABETES.6.aspx'
https://journals.lww.com/jbjsjournal/Abstract/1955/37050/NEUROGENIC_ARTHROPATHY_ASSOCIATED_WITH_DIABETES.6.aspx'
https://pubmed.ncbi.nlm.nih.gov/16701052/
https://pubmed.ncbi.nlm.nih.gov/16701052/
https://pubmed.ncbi.nlm.nih.gov/16701052/
https://pubmed.ncbi.nlm.nih.gov/25601358/
https://pubmed.ncbi.nlm.nih.gov/25601358/
https://pubmed.ncbi.nlm.nih.gov/25601358/
https://pubmed.ncbi.nlm.nih.gov/26898398/
https://pubmed.ncbi.nlm.nih.gov/26898398/
https://pubmed.ncbi.nlm.nih.gov/26898398/
https://pubmed.ncbi.nlm.nih.gov/26898398/
https://www.sciencedirect.com/science/article/abs/pii/S1067251600800459
https://www.sciencedirect.com/science/article/abs/pii/S1067251600800459
https://journals.sagepub.com/doi/10.1177/1938640016685144
https://journals.sagepub.com/doi/10.1177/1938640016685144
https://journals.sagepub.com/doi/10.1177/1938640016685144
https://pubmed.ncbi.nlm.nih.gov/28633771/
https://pubmed.ncbi.nlm.nih.gov/28633771/
https://pubmed.ncbi.nlm.nih.gov/28633771/
https://pubmed.ncbi.nlm.nih.gov/25253575/
https://pubmed.ncbi.nlm.nih.gov/25253575/
https://pubmed.ncbi.nlm.nih.gov/25253575/
https://pubmed.ncbi.nlm.nih.gov/22097162/
https://pubmed.ncbi.nlm.nih.gov/22097162/
https://pubmed.ncbi.nlm.nih.gov/22097162/
https://pubmed.ncbi.nlm.nih.gov/18549751/
https://pubmed.ncbi.nlm.nih.gov/18549751/
https://pubmed.ncbi.nlm.nih.gov/29310882/
https://pubmed.ncbi.nlm.nih.gov/29310882/
https://pubmed.ncbi.nlm.nih.gov/29310882/

	Title
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	References
	Table 1
	Table 2
	Table 3
	Table 4

