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Abstract  

Background:  Amputations above the ankle level are usually  

the gold standard procedure for severe calcaneal osteomyelitis.  

Partial calcanectomy have been advocated as viable alternatives  

to below knee amputation. It aimed to limb salvage with  
subsequent decrease morbidity, mortality and improve quality  
of life  

Patients and Methods:  A prospective single arm cohort  
study conducted on 20 patients between 2020 to 2022 at single  

center, Ain Shams University Hospitals, Patients had infected  

heel ulcers with osteomyelitis and Partial Calcanectomy was  

performed to them, then follow-up of the wounds was done.  

Results:  No postoperative complication or signs of  
ischemia 15 males (75%) and 5 females (25%). The age ranged  

between 51 years and 73 years with mean age of 63 ±7. Most  
of patients are diabetic (90%), hypertensive (85%), 2/3 of  

them were smoker. Limb salvage was achieved on 65 % of  

cases with no recorded 30 day mortality All cases had score  

4 WIFI classification and there were no sever limb ischemia.  

Subgroups difference in wound depth, degree of foot infection  
and ankle brachial index may have impact on limb salvage.  

(ABI), achieved in 3 cases after 1 month, 7 cases after 3  

month and 3 cases after 7 months.  

Conclusion:  Partial calcanectomy is safe and effective  
alternative to below knee amputation in treatment of heel  

ulcer and calcaneal osteomyelitis.  
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Introduction  

LARGE  heel wounds, mostly accompanied by  
osteitis of the calcaneus, are a major treatment  

challenge and mostly end up with a major ampu-
tation. These can represent decubitus ulcers often  

seen in patients with diabetes mellitus, arterial  
insufficiency, impaired sensation or a sinus of an  
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infected calcaneal fractures [1] . Amputations above  
the ankle level are usually the gold standard pro-
cedure for severe calcaneal osteomyelitis, but it  

cause inefficient gait [2] , physical activity [3] , and  
a high mortality rate approaching 70% at 5 years  

[4] . Partial or total calcanectomy have been advo-
cated as viable alternatives to below knee amputa-
tion [5] . Calcanectomies aimed to limb salvage  
with subsequent decrease morbidity, mortality and  

improve quality of life [6] . These procedures have  
been reported to yield a minimal risk of flap necro-
sis and scarring, a stable soft tissue envelope closure  

and a functional end-bearing limb [7] . Incaseof  
failure to control osteomyelitis or soft tissue infec-
tion, the level of the next amputation remains  

unchanged [7] .  

We studied the results of partial/subtotal cal-
canectomy as an alternative treatment modality in  

these patients. With this procedure all infected and  
non-viable tissue (both soft tissue and bone) are  
resected. This also decompresses the soft tissues  

of the heel in order to allow wound closure without  
tension.  

Patients and Methods  

Type of study:  It's a prospective single arm  
cohort study conducted on 20 patients between  
2020 to 2022 at single center, Ain Shams University  

Hospitals.  

Inclusion and exclusion criteria:  
1- Inclusion criteria:  Ambulatory patients presented  

with heel ulcer with osteomyelitis confirmed  
by radiograph, age >18 years and mild or no  
ischemia with Ankle Brachial Index (ABI) >0.6.  
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2- Exclusion criteria:  Severe infection that hinder  
limb salvage, ABI <0.6, Non Ambulatory or  
bed riddenpatients,Adjuvant flap transfer, use  
of negative vacuum dressing and Refusing fol-
low-up or signing consent.  

3- Primary endpoint:  Limb salvage.  
4- Secondary endpoint:  Wound healing, 30 days  

mortality.  

Under spinal or general anesthesia, the ulcer is  
excised totally. All devitalized tissue, including  

the ulceration, was excised with incisions extending  

to bone. Once visualized, the degree of bony re-
section was largely determined by the extent of  

infection and necrosis noted in the calcaneus. The  

calcaneus is cut through on a line beginning just  
below the inferior tip of the calcaneocuboid joint,  
backward and slightly upward, ending just below  
the insertion of the Achilles tendon. The aim of all  

procedures was to debride the calcaneus to bleeding  

cancellous bone and to fashion remainingbone in  

an attempt to provide a smooth weight-bearing  

surface.  

Results  

This is a prospective single arm cohort study  

involving 20 patients presented with heel ulcers  
and calcaneal osteomyelitis in a high-volume ter-
tiary referral center, El Demerdash Hospital. It was  
conducted between 2020 to 2022 with 6 months  

follow-up with primary endpoint is limb salvage  

and secondary endpoint is wound healing and 30  
days mortality. All wounds were categorized as  

Grade 3 on the Wagner classification of foot wounds  

[12] . Partial Calcanectomy was performed without  

adjuvant tissue flap or transfer, followed by tradi-
tional wound dressing without use of negative  
vacuum dressing.  

The study included 15 males (75%) and 5 fe-
males (25%). The age ranged between 51 years  
and 73 years with mean age of 63 ±7. Most of  
patients are diabetic (90%), hypertensive (85%),  

2/3 of them were smoker, Risk factors and its  

relation to limb salvage was reported in Table (1).  

There was no statistically significant difference  

between Limb Salvage risk factors of diabetes,  
hypertension and ischemic heart diseases. However,  
it's statistically significant with smoking, active  

smoking has negative impact on limb salvage.  

We tried to collect laboratory investigations of  

patients, and to detect any relation with limb sal-
vage, Table (2). Unfortunately, we couldn't detect  

any statistical significance. It could be related to  

low number of cases.  

All cases had score 4 according to WIFI clas-
sification and there were no sever limb ischemia.  
There's a bit difference in wound depth, degree of  

foot infection and ankle brachial index (ABI),  

Which make an impact and statistical significance  
on limb salvage, Table (3).  

Follow-up of wound healing and limb salvage  

was done for 6 months. Complete wound healing  
was achieved in 3 cases after 1 month, 7 cases  

after 3 month and 3 cases after 7 months, limb  
salvage was achieved on 65% of cases with no  

recorded 30-day mortality.  

Table (1): Risk factors and its relation to limb salvage.  

No.  %  

Smoking:  

Non-smoker  8  40.0  

Smoker  12  60.0  

DM:  

No  2  10.0  

Yes  18  90.0  

HTN:  

No  3  15.0  

Yes  17  85.0  

IHD:  

No  13  65.0  

Yes  7  35.0  

Limb salvage  

No  Yes  Test p -
Sig.  

value* value  

No.  %  No.  %  

Smoking:  

Non-smoker  0  0.0  8  61.5  7.179  0.007  HS  

Smoker  7  100.0  5  38.5  

DM:  

No  1  14.3  1  7.7  0.220  0.639  NS  

Yes  6  85.7  12  92.3  

HTN:  

No  2  28.6  1  7.7  1.556  0.212  NS  

Yes  5  71.4  12  92.3  

IHD:  

No  3  42.9  10  76.9  2.321  0.128  NS  

Yes  4  57.1  3  23.1  

p-value >0.05: Non significant (NS).  
p-value <0.05: Significant (S).  
p-value <0.01: Highly significant (HS).  
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Table (2): Laboratory investigation and their relation to limb  
salvage.  

Table (3): WIFI classification components and their relation  
to limb salvage.  

No.=20  No. %  

Total leukocyte count:  Wound:  
Mean ±  SD  14.18±4.30  Deep ulcer  12 60.0  
Range  6-23  Deep, extensive ulcer  8 40.0  

Hemoglobin:  
Mean ±  SD  10.56± 1.64  Ischemia:  

Range  8.2-14.4  ABI ≥0.80  10 50.0  

PLT:  
ABI (0.7-0.79)  10 50.0  

Mean ±  SD  366.45± 100.07  Foot infection:  
Range  

Serum Creatinine:  

190-515  Moderate local infection,  
with erythema >2cm  

12 60.0  

Mean ±  SD  1.14±0.50  Severe local infection,  8 40.0  
Range  0.5-2.5  with signs of SIRS  

INR:  
Mean ±  SD  1.08±0.15  WIFI score:  

Range  0.9-1.5  4  20 100.0  

Limb salvage  Limb salvage  

No Yes  
Test p -

Sig.  value• value  No Yes  
Test p -

Sig.  
value* value  

No.=7 No.=13  No. % No.  %  

Total leukocyte  
count:  

Wound:  
- Deep ulcer  2  28.6  10  76.9  4.432  0.035  S  

Mean ±  SD 15.07±5.91  13.70±3.33  0.671  0.511  NS  - Deep, extensive  5  71.4  3  23.1  
Range 6-23  8.7-19.5  

ulcer  
Hemoglobin:  

Mean ±  SD 9.81 ±1.49  10.95±1.63  –1.533  0.143  NS  Ischemia:  

Range 8.2-12.8  9-14.4  --  ABI ≥0.80  1  14.3  9  46.2  5.495  0.019  S  
- ABI (0.7-0.79)  6  85.7  4  30.8  

PLT:  
Mean ±  SD 401.00±  347.85±  1.142  0.268  NS  Foot infection:  

49.63  116.42  - Moderate local  2  28.6  10  76.9  4.432  0.035  S  
Range 345-458  

Serum  

190-515  infection, with  
erythema >2cm  

Creatinine:  - Severe local  5  71.4  3  23.1  
Mean ±  SD 1.27±0.82  1.06±0.19  0.899  0.381  NS  infection with  
Range 0.5-2.5  0.8-1.5  signs of SIRS  

INR:  
Mean ±  SD 1.10±0.22  1.06±0.10  0.543  0.594  NS  WIFI score:  

Range 0.9-1.5  0.9-1.2  - 4  7  100.0  13  100.0  NA  NA  NA  

p-value >0.05: Non significant (NS). p-value >0.05: Non significant (NS).  
p-value <0.05: Significant (S). p-value <0.05: Significant (S).  
p-value <0.01: Highly significant (HS). p-value <0.01: Highly significant (HS).  
• : Independent t-test. *: Chi-square test.  

Table (4)  

Wound healing  

No.  %  

Follow-up:  
1 Month  3  15.0  
3 Months  7  35.0  
6 Months  3  15.0  

Limb Salvage:  
No  7  35.0  
Yes  13  65.5  

30 day mortality:  
No  20  100.0  



2392 Partial Calcanectomy as an Alternative to Below the Knee Amputation for Limb Salvage  

Fig. (1): Process of healing after partial calcenectomy.  

Fig. (2): Process of healing after partial calcanectomy.  
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Discussion  

Perez et al., [8]  stated that calcanectomy instead  

of below-knee amputation decreased both morbidity  
and mortality. He stated that this technique is  

applicable in both ambulatory and non-ambulatory  
patients, patients with or without diabetes and with  

or without osteitis. With this procedure the foot  

can be saved, but the gait is impaired in most  

patients and shoe adaptations are often needed.  

Bollinger and Thordason [9]  investigated 22  
patients after calcanectomy. All their patients healed  

but in 12 there was a delayed wound healing,  
including all 9 patients with diabetes. They con-
sidered wound healing delayed.  

Schade [10]  reported in a systematic review,  

that include Sixteen studies involving 100 patients  

(76 partial and 28 total calcanectomies), 10% of  
patients required a major lower-extremity amputa-
tion. Major complications and major lower-
extremity amputations occurred more frequently  

after total calcanectomy and in patients with a  

diagnosis of diabetes. The results of this systematic  

review reveal that total or partial calcanectomy is  

a viable alternative for limb salvage, with greater  
than 60% of patients having no complications and  

85% maintaining their ambulatory status postop-
eratively. This study included ambulatory patients  
older than 18 years who underwent partial or total  

calcanectomy without adjunctive free tissue transfer  

for the treatment of calcaneal osteomyelitis and  

had a mean follow-up of 12 months or longer.  

Pereira et al., [11]  reported case series study  
among 6 patients, retrospective single center study  
between 2008 to 2019, result of study shown In 4  

of the 6 patients, infection control and wound  

closure was achieved with total calcanectomy with  

follow-up ranging from 1 to 12 years. The 4 patients  

maintain walking ability. Two major complications:  
An early death caused by a respiratory infection  

and a below the knee amputation due to recurrence  

of the foot infection.  

This study is prospective observational cohort  

study to detect role of partial calcenectomy as an  

alternative in below knee amputation in patients  

presented with heel ulcer and calcenealosteomyi-
tilits. Limb salvage and wound healing were  

achieved in (65%) within 6 months follow-up.  
There was a relation between severity of infection,  

mild Ischemia and active smoking with poor result  
and liability of limb loss.  

Conclusion:  
Partial calcanectomy is safe and effective  

alternative to below knee amputation in treatment  
of heel ulcer and calcaneal osteomyelitis.  

References  

1- BAUMHAUER J.F., FRAGA C.J., GOULD J.S. and  
JOHNSON J.E.: Total calcanectomy for the treatment of  

chronic calcaneal osteomyelitis. Foot Ankle Int., 19: 849- 
55, 1998.  

2- PINZUR M.S., GOLD J., SCHWARTZ D. and GROSS  
N.: Energy demands for walking in dysvascular amputees  
as related to the level of amputation. Orthopedics, 15 (9):  

1033-6, 1992.  

3- DESVEAUX L., GOLDSTEIN R.S., MATHUR S., et al.:  
Physical activity in adults with diabetes following pros-
thetic rehabilitation. Can J. Diabetes, 40 (4): 336-41,  

2016.  

4- AULIVOLA B., HILE C.N., HAMDAN A.D., et al.:  
Major lower extremity amputation: Outcome of a modern  
series. AMA Arch. Surg., 139 (4): 395-9, 2004.  

5- GAENSLEN F.J.: Split-heel approach in osteomyelitis of  
oscalcis. J. Bone Joint Surg. Am., 13 (4): 759-72, 1931.  

6- LEHMANN S., DAN MURPHY R. and HODOR L.:  
Partial calcanectomy in the treatment of chronic heel  

ulceration. J. Am. Pediatr. Med. Assoc., 91 (7): 369-72,  

2001.  

7- BAUMHAUER J.F., FRAGA C.J., GOULD J.S. and  
JOHNSON J.E.: Total calcanectomy for the treatment of  

chronic calcaneal osteomyelitis. Foot Ankle Int., 19 (12):  

849-55, 1998.  

8- PEREZ M., WAGNER S. and YUN J.: Subtotal calcanec-
tomy for chronic heel ulceration. J. Foot Ankle Surg., 33:  

572-9, 1994.  

9- BOLLINGER M. and THORDASON D.B.: Partial cal-
canectomy: An alternative to below knee amputation.  

Foot Ankle Int., 23: 927-32, 2002.  

10- SCHADE V.L.: Partial or total calcanectomy as an alter-
native to below-the-knee amputation for limb salvage: A  

systematic review. J Am Podiatr Med Assoc. Sep-Oct.  

102 (5): 396-405. doi: 10.7547/1020396. PMID:  

23001733, 2012.  

11- PEREIRA P.F., SILVA M.R., SIMÃO R.S., NEGRÃO P.,  
SOUSA A. and NEVES N.: Total calcanectomy in calca-
neal osteomyelitis: An alternative to major amputation.  

Foot (Edinb), May 51: 101896. doi: 10.1016/  
j.foot.2021.101896. Epub 2021 Dec 23. PMID: 35290842,  
2022.  

12- OYIBO S.O., JUDE E.B., TARAWNEH I., NGUYEN  
H.C., HARKLESS L.B. and BOULTON A.J.: A compar-
ison of two diabetic foot ulcer classification systems: The  
Wagner and the University of Texas wound classification  

systems. Diabetes Care, 24: 84-8, 2001.  



2394 Partial Calcanectomy as an Alternative to Below the Knee Amputation for Limb Salvage  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

