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Abstract:   
Diabetes is a prevalent co-morbid condition in the community, with diabetic foot ulcers being a significant long-
term complication. These chronic non-healing ulcers often progress to diabetic foot syndrome, increasing the risk 
of amputation. This study aims to evaluate the effectiveness of Keller's osteotomy in treating chronic non-healing 
ulcers of the great toe and to assess the duration of ulcer healing post-surgery. Between April 2023 and August 
2024, 50 patients with chronic non-healing ulcers of the great toe were admitted to the General Surgery 
department at Government Vellore Medical College and underwent surgical offloading procedures based on the 
Ganga classification of ulcer management. Data collected and analyzed revealed that most patients had poor 
glycemic control at presentation. Following appropriate antibiotic therapy and glycemic control, patients 
underwent the offloading procedure. Postoperative care involved non-weight bearing mobilization, showed 
significant improvement in the healing rate of the ulcers. The study concludes that patient education, strict glycemic 
control, early diagnosis, hospitalization, and appropriate treatments, including both medical and surgical offloading 
measures can reduce the morbidity and mortality associated with diabetic foot ulcers and prevent digit or foot 
amputation. 
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1. Introduction 
Chronic ulcers or non-healing ulcers are defined as 
spontaneous or traumatic ulcers or lesions, typically 
in lower extremities that are unresponsive to initial 
therapy that persist despite appropriate care and do 
not proceed towards healing in a defined time period 
with an underlying etiology that may be related to 
systemic disease or local disorders [1]. The 
prevalence of foot ulceration in the general diabetic 
population is 4-10%, being lower (1.5-3.5%) in young 
and higher (5-10%) in older patients. The annual 
incidence of foot ulceration ranges from less than 1 
to 3.6% among people with type 1 or type 2 diabetes. 
It is estimated that about 5% of patients with diabetes 
have a history of foot ulceration, whereas the lifetime 
risk for this complication today is between 19 and 
34% [2]. 

Foot ulceration and amputation affect largely 
patients’ quality of life and place an economical 
burden on both the patient and the healthcare 
system. Therefore, prevention of foot ulceration, and 
consequently amputation, is a major priority of 

healthcare providers. Of all the toes, the great toe is 
the longest and widest, with many people having a 
second toe that is equally long. Unlike other toes, 
which have three phalanges, this one has just two. 
The flexor hallucis brevis tendons on the plantar 
aspect of the hallux's metatarsophalangeal joint 
always contain two sesamoid bones, which are 
securely fastened in the medial portion of the plantar 
aponeurosis [3]. The increased incidence of ulcers on 
the ball of the great toe can be explained by the 
extremely high pressure that develops under the 
hallux when dorsiflexion is restricted (Hallux rigidus). 
Commonly found at the sites of high pressure is 
plantar callus. Overgrowth of the callus contributes to 
an increase in pressure. 
The study period is between April 2023 to August 
2024. 
1. To determine the role of doing Keller’s osteotomy 

in chronic non healing ulcer of great toe. 
2. To observe the duration of ulcer healing of 

chronic non healing ulcer after doing Keller’s 
osteotomy. 
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Non-surgical off-loading measures had longer 
duration of healing and high possibility of recurrence 
whereas timely intervention with surgical offloading 
proved effective in treating chronic non healing 
ulcers. 
Materials and methods 
This study was conducted in the Department of 
General Surgery, Government Vellore medical college 
and hospital (GVMCH). Since this college being a big 
referral centre for so many hospitals, there is a large 
influx of patients with chronic non healing ulcer of 
great toe. In that 50 patients were included in the 
study between (April 2023 to August 2024). Patients 
were recruited from surgical outpatient and 
admitted. Detailed history, clinical examination, ulcer 
examination done and recorded. Duration of diabetes 
mellitus, foot examination, blood investigations, 
renal function test, X ray of respective foot to rule out 

osteomyelitis, Doppler study of respective limb done 
to rule out vascular compromise. 
After explaining the surgical procedure and after 
getting proper informed written consent, patients 
were posted for Keller’s osteotomy. Post operatively 
patients were strictly followed, non-weight bearing 
mobilisation till suture removal and followed every 
week and results were observed. 
Inclusion criteria 
▪ All patients reporting to department of general 

surgery, with complaints of non-healing ulcer at 
base of great toe (most preferably elderly 
population). 

Exclusion criteria [4] 

▪ Osteomyelitis of great toe 
▪ Pregnant women 
▪ Peripheral vascular disease 

 
Results  
 

1. Socio Demographic Characteristics of Patients 

Age (years) Number % Age 

< 40 6 12% 

41 – 50 11 22% 

50 – 60 18 36% 

> 60 15 30% 

2. Sex wise distribution 

Sex NUMBER % 

Male 34 68% 

Female 16 32% 

3. Smokers and non-smokers 

 Male Female % 

Smoker 27 0 52% 

Non smoker 7 16 46% 

4. Ulcer Healing Duration 

Co-Morbids Total Ulcer Healed In Non-Healed/Gangrene 

Smokers 27 59.76 days 2 

Non-Smokers 23 51.78days 0 

 
▪ Average Duration of Ulcer Healing in 42 

individual’s ulcer healed at an average of 55.167 
Days. 

▪ Delayed Wound Healing has been noted in 6 
individuals-after proper antibiotic coverage and 
glycemic control ulcer healed in about -69.5 Days. 

▪ Non-Healed-2.  
Discussion 
In our study, non-healing ulcers were more prevalent 
in males, with the majority of cases occurring in 
individuals over 40 years old. Diabetic foot ulcers are 
characterized by severe infections, with contributing 

factors such as poor knowledge of the disease, 
undiagnosed diabetes, reliance on faith healers, and 
walking barefoot leading to delayed presentation. 
Early detection of diabetes and proper footwear can 
prevent most early-stage ulcers, and surgical 
offloading measures can stop further damage, 
ultimately preventing toe amputations. With 
effective glycemic control and appropriate post-
operative care (non-weight bearing), 42 patients 
showed complete healing of plantar foot ulcers 
within an average of 54.16 days. However, 6 patients 
experienced delayed healing, averaging 69.5 days 
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despite antibiotic treatment and regular wound care. 
Two patients required further debridement and 
eventual amputation due to poor glycemic control, 
irregular follow-ups, and inadequate bed rest in the 
early post-operative period. Smokers with non-
healing ulcers over the IP joint (27 individuals) healed 
in an average of 59.76 days, while non-smokers (23 
individuals) healed faster at 51.78 days, with 
statistically significant differences (p-value 0.011 for 
smokers vs. non-smokers, p-value 0.007 for non-
smokers). 
Keller’s Gap Arthroplasty 
When conservative methods fail to treat hallux 
interphalangeal joint ulcers, a technique known as 
Keller's osteotomy or Keller gap arthroplasty is 
performed. The goal is to realign the first metatarsal 
phalangeal joint's hallux limit us. Using a dorsal or 
dorsomedial approach, the proximal third of the 
proximal phalanx-where the plantar and dorsal 

intrinsic tendons insertion-is removed [5, 11]. The 
patients are recommended to avoid weight bearing 
until the sutures are removed, and the incision is 
largely closed over a drain. The callus is removed and 
the ulcer's floor is scooped, it is typically allowed to 
heal on its own. A dorsal incision is made in the 
middle of the great toe's MTP joint during Keller's 
osteotomy. Care is made to protect the paratendon 
above the Extensor hallucis longus (EHL) tendon as 
the incision becomes deeper. The Extensor hallucis 
brevis (EHB) tendon, which inserts onto the proximal 
phalanx base, is visible and splits in the midline as the 
skin and tendon retract. The proximal phalanx base is 
free of soft tissue attachments up to the waist of the 
proximal phalanx base, and the EHB tendon 
attachment to the proximal phalanx is dissected away 
after the tendon is split, revealing the metatarso 
phalangeal joint [5, 6]. 

 

 
Fig 1: In panel (a), the muscle is shown inserting at the base of the proximal phalanx, with a focus on the location 
of the flexor hallucis brevis. Panel (b) depicts the location of the osteotomy, with an indication of where the flexor 

hallucis brevis inserts 
 

Using an oscillating saw or a bone cutter, an 
osteotomy is performed at the place where the board 
base starts to taper into the proximal phalanx shaft. 
After the osteotomy is finished, the proximal 
phalanx's base is carefully removed from its soft 
tissue attachments, with the knife always pointed 
toward the bone to prevent harm to any nearby 
structures. The correction of the functional hallux 
limitus is confirmed [8], and the proximal phalanx 
base is removed. Hemostasis was established, wash 

was administered, and non-absorbable sutures, such 
as 2-0 ethilon or 3-0 prolene sutures, were used to 
close the skin over a tube drain. 
The patient is urged to refrain from bearing any 
weight until the sutures are removed, and the 
dressings are changed every other day. After three 
weeks, the sutures are often taken out, and the 
patient is able to begin weight bearing exercises with 
soft shoes. 
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Advantages of Keller’s Osteotomy [7, 12] 

1. Pain relief 
2. Correction of deformities 
3. Resolution of skin lesions 
4. Quick return to activity post operative 
Drawbacks 
1. One of the criticisim of this gap arthroplasty is 

that it is cosmetically displeasing and often have 
an end result of short great toe. 

2. Average shortening of hallux was only 7 mm -this 
shortening seems to be more of cosmetic 
concern and not a functional one. 

3. Delayed wound healing of dorsal incision in 
patients with poor glycemic control. 

4. Joint stiffness and secondary arthrosis, both 
related insufficient resection of the phalangeal 
base. 

5. Joint Instability, usually related to excessive 
resection of the phalanx. It leads to dorsiflexion 
valgus deformity of the hallux, to a flaccid toe 
that is unable to touch the ground and to perform 
the third rocker of gait, and to transfer 
metatarsalgia [7]. 

Several important technical details to be considered: 
1. Steer clear of excessive resection. To avoid hallux 

instability, resecting one-third of the phalanx is 
typically adequate. 

2. Look for adequate resection. By doing this, joint 
stiffness and recurrence following surgery are 
avoided. It is crucial to assess joint mobility 
following the surgery. 

3. Flexor and extensor muscles should be balanced 
at the conclusion of the intervention. A flaccid 
hallux in the ability to impulse in the third rocker 
of the gait is caused by flexor insufficiency. Claw 

hallux and valgus deviation are caused by 
extensor predominance [9]. 

4. Because of the aesthetic and functional issues it 
can bring, the Keller approach should be 
disregarded in certain cases where the hallux is 
significantly shorter preoperatively than the 
second toe (Greek forefoot). 

Conclusion  
Diabetes-related foot ulcers and their aftereffects can 
be very problematic, time-consuming, and cause 
disability, morbidity, and death. It is helpful to select 
the right treatment based on the grade when diabetic 
foot lesions are graded using the Ganga classification 
system or any other diabetic wound management 
classification. Diabetes-related foot ulcers can be 
lessened by patient education, stringent glucose 
control, and the use of proper footwear. Prompt 
diagnosis, admission to the hospital, suitable 
management, such as medication, non-surgical 
offloading, and timely surgical offloading, can lower 
morbidity and mortality and enhance the prognosis 
of the illness. 
This study concludes that following surgical 
offloading (Keller's), patients with persistent non-
healing inter phalangeal ulcers over the great toe had 
early healing, avoiding additional debridement or 
amputation. Thus, decreasing mortality and 
morbidity because of ulcers. The length of healing is 
greatly impacted by peripheral neuropathy, diabetes 
duration, and risk factors including smoking. Keller's 
osteotomy, which prevents the toe from being 
amputated, is a great surgery for treating chronic, 
non-healing inter phalangeal plantar ulcer of great 
toe after appropriate diagnosis and diabetic control 
[10]. 

 
Case 1: 55 year old female with chronic non healing ulcer over plantar aspect of left great toe 
 

  
(a) (b) 

Fig 2.1 a) pre op image; b) pre op x ray 
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(a) (b) 

Fig 2.2: a) post op day 21; b) post op x ray-excision of base of proximal phalanx 
 

    
(a) (b) (c) (d) 

Fig 2.3: a) b) c) progressive healing of dorsal wound; d) healed ulcer over plantar aspect day pod-42 
 
Case 2: Chronic non healing ulcer in a 34yr/f over plantar aspect of left great toe 
 

  
(a) (b) 

Fig 3.1: a) non healing ulcer over left great toe IP joint; b) post op x ray after excision 
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(a) (b) (c) (d) 

Fig 3.2: a) post op dorsal wound pic; b) post op day 19; c & d) healed dorsal wound and plantar ulcer 
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