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Abstract 

Pes planus in adults and elderly is commonly caused by advanced tibialis posterior insufficiency with 
2ndry osteoarthritis; however, the deformity can also be caused by arthritis of tarsometaarsal joints 
or an old injury of the mentioned joints. Concomitant valgus deformities of the ankle joint are found 
in approximately 3% patients with symptomatic flat foot deformities. Conservative treatment is 
mostly successful only in the short term or in low-demand patients. The operative treatment of flat 
foot deformities follows the standard algorithm for flat foot treatment. The ankle joint can be treated 
while retaining mobility or by arthrodesis depending on the degree and rigidity of the deformity, 
degenerative changes, patient factors, and expectations. Achieving an orthograde hindfoot and 
midfoot is obligatory for successful treatment as well as in ankle reconstructive or arthrodesis 
procedures. On clinical examination, the medial arch of the foot has collapsed, and the calcaneus is 
in a valgus alignment, the forefoot abducts at the tarsometataral articulations.Treatment is 
nonoperative with orthotics and ankle braces in initial stages, custom moulded in-shoe orthosis. The 
surgical treatments are indicated for symptomatic pesplanovalgus when there is pressure and pain 
symptoms failing to respond to pain killers and splints. The following surgical procedures has been 
proposed; first TMT joint arthrodesis, calcaneal osteotomy, ± lateral column lengthening, isolated 
subtalar arthrodesis, hindfoot arthrodesis, triple arthrodesis, and TAL + deltoid ligament 
reconstruction, forefoot correction osteotomy. The choice of the procedure selected for surgical 
correction depends on where the peak of the deformity; the peak of the deformity must be identified 
and an appropriate procedure is chosen accordingly chosen. Triple arthrodesis is the commonest 
procedure used for treating degenerative pesplanovalgus deformity. The outcome of surgery is 
dependent on the multitude of procedures. The success of triple arthrodesis depends on the patient's 
overall health, the extent of deformity, and the surgeon's expertise. While the procedure effectively 
relieves pain and corrects deformity, it may result in some loss of motion in the foot and possible 
complications. However, most patients experience significant improvement in foot function and pain 
relief, allowing them to resume normal daily activities with better stability. The aim of the current 
review article is to highlight that the appropriate procedure must correct the peak of the deformity. 

Keywords: adult rigid flatfoot; arthrodesis; osteotomy; medial column 
 

Introduction 

The medial column of the foot is slightly longer in normal well aligned foot, the medical column 
length may become longer in flat foot. There are debates though that the lateral column is short (not truly 
short) because of the forefoot abduction which is associated with the pesplanovalgus deformity [1–10]. 

Biomechanical tests have shown that as flat foot the posture of the foot progresses into hind foot 
valgus and forefoot abduction through attenuation of the medial structures of the foot; the medial 
column begins to change shape. The first ray elevates and the joints of the medial column may begin 
to collapse. Medial column fusion has also been described to correct adult flat foot [10,11]. 
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The management of patients with flat foot starts with history including past medical history. The 
clinical examination includes lower limb alignment, to identify the site joint deformity which has led to 
pesplanovalgus deformity, hip adduction, knee valgus deformity, deformity at the tibia, and the ankle. 

The range of movement of the hind and mid-foot joints, site of pain and any neurovascular 
deficit is checked. The site of valgus deformity is divided to deformities at or above the ankle joint or 
deformities below the ankle joint. Deformities at the subtalar, talonavicular, mid-tarsal, or the 
tarsometatarsal (TMT) joints. The most suitable procedure is contemplated to correct the deformity 
at the site it is arising from. 

Standing weight bearing radiographs of the foot is crucial in identifying the site oof valgus 
deviation of the joint which has collapsed and led into the valgus deformity, whether it is in the 
tarsometatarsal, Naivculocuniform, talonavicular joints. And the talonavicular uncovering. 

Radiographic assessment includes, magnetic resonance imaging of the foot, Ultrasound scan pf 
the soft tissues in addition to plain radiography may deem necessary to order. CT or three-
dimensional CT reconstruction, Spect CT will guide was also used to determine the joint arthritis and 
de fusion of the arthrodesis. The current paper evaluates the outcome of a series of patients with rigid 
flat foot who underwent medial column fusion mixed with other procedures. 

Surgical treatment algorithm: 
The peak of the deformity: Progressive collapsing foot deformity (PCFD) is a complex 3D 

deformity with varying degrees of hindfoot valgus, forefoot abduction, and midfoot supination. 
Although a medial displacement calcaneal osteotomy can correct heel valgus, it has far less ability to 
correct forefoot abduction and midfoot pronation. More severe forefoot abduction, most frequently 
measured preoperatively by assessing talonavicular coverage on an anteroposterior (AP) 
weightbearing conventional radiographic view of the foot, can be more effectively corrected with a 
lateral column lengthening procedure than by other osteotomies in the foot. Care must be taken 
intraoperatively to not overcorrect the deformity by restricting passive eversion of the subtalar joint 
or causing adduction at the talonavicular joint on simulated AP weightbearing fluoroscopic imaging. 
Overcorrection can lead to lateral column overload with persistent lateral midfoot pain. The typical 
amount of lengthening of the lateral column is between 5 and 10 mm. 

The following procedures are described in treating pesplanovalgus deformity ([10–20]: 
1. Deformity at the level of the knee leading to valgus hindfoot and 2ndry flat foot. 

Supracondylar femoral osteotomy is a surgical option to manage the deformity. 
2. Valgus deformity at or above the level of ankle joint, leading to pesplanovalgus deformity: 

Supramalleolar osteotomy can improve the deformity both in the ankle and the foot if the ankle joint 
is not arthritic 

3. If the valgus deformity is in the ankle joint and the joint is arthritic, ankle fusion is the sensible 
option. 

4. Triple arthrodesis is a procedure of permanently fuses three key hindfoot joints the subtalar, 
talonavicular, and calcaneocuboid joints creating a stable, pain-free foundation for walking. The 
surgical procedure involves fusing the talocalcaneal, subtalar, and calcaneocuboid joints to create a 
rigid structure, eliminating the motion, and providing stability to the foot. During the surgery: 
longitudinal incisions are made on the foot to expose the affected joints. The damaged cartilage is 
removed from the joint surfaces. The bones are fixed with screws, plates, or other fixation devices to 
hold them in place during the healing process. If need be, bone grafts or bone substitutes are inserted 
to promote fusion between the bones. 

The success of triple arthrodesis depends on the patient's overall health, the extent of deformity, and 
the surgeon's expertise. While the procedure effectively relieves pain and corrects deformity, it may result 
in some loss of motion in the foot. However, most patients experience significant improvement in foot 
function and pain relief, allowing them to resume normal daily activities with better stability.  

5. A severe deformity at the level of the hindfoot with valgus heel, the preferable surgical option 
is triple arthrodesis, with or without calcaneal osteotomy 
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6. A significantly longer Medial column with associated arthritis in the subtalar joint, the 
preferable surgical option is medial column to shorten the medial column. 

7. Valgus deviation at the level of the subtalar joint with an associated osteoarthritis would 
benefit from subtalar joint fusion. Having the hind foot in neutral alignment following surgery, will 
reduce the pronation of the midfoot and forefoot abduction. 

8. When medial column shortening is not enough to correct the valgus foot, it is indicated to do 
medial column shortening and lengthening of lateral column using Evan’s procedure if the 
calcaneocuboid joint is not arthritis, if it is distraction arthrodesis using a wedge or tricortical bone 
graft will help. 

9.If the peak of the deformity is at the naviculo-cunifiorm and talonavicular joints, then a shot 
medial cuneiform fusion including the talus, navicular and medial cuneiform, this will shorten the 
medial column as well. Many companies make medial column plates. 

10. When the main valgus deformity is at the level of the talonavicular joint with the talus getting 
uncovered the procedure of choice is talonavicular fusion, (Figure 1) 

 

Figure 1. pesplanovalgus deformity at the Talonavicular area managed with fusion of the joint. 

9. If the peak of the deformity is at the tarsometatarsal joint, often following an old Lisfranc 
injury, the procedure of choice is tarsometatarsal fusion, (Figure 2). 

11. When the valgus deformity on weight bearing radiographs spans across the talonavicular, 
and tarsometatarsal joint, a long medial column fusion from talus to the first metatarsal is an option 
(Figure 3). 

12. In relatively younger patients when the deformity is only partially fixed with no established 
osteoarthritis of the talonavicular jointly lateral column lengthenin may suffice or when the amount of 
talonavicular joint uncover age is above 40%. The amount of lengthening needed in the lateral column 
should be judged intraoperatively by the amount of correction of the uncoverage and by adequate 
residual passive eversion range of motion of the subtalar joint. When titrating the amount of correction of 
abduction deformity intraoperatively, the presence of adduction at the talonavicular joint on simulated 
weightbearing fluoroscopic assessment imaging is an important sign of hypercorrection and higher risk 
for lateral column.overload. The typical range for performing a lateral column lengthening is between 5 
and 10 mm to achieve an adequate amount of talonavicular coverage.[19] 
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Figure 2. tarsometatarsal fusion to correct degenerative pesplanovalgus. 

13. Medial column fusion of the foot is a surgical procedure aimed at correcting deformities 
such as flatfoot by stabilizing the medial arch of the foot. This procedure involves fusing the bones of 
the medial column, typically the talus, navicular, and medial cuneiform, to create a solid joint. It is 
particularly useful for treating conditions like arthritis, fractures that have not healed, and other foot 
deformities. The surgery is performed under general anaesthesia, and the goal is to reduce pain, 
improve and restore stability to the foot. 

The technique medial column fusion: 
The procedure is performed under anaesthetics and tourniquet through a medial incision, 

extending from the talar region to the first metatarsal base. If subtalar arthrodesis is added, it is 
performed through the same incision, protecting the neurovascular structures. 

Preliminary decision as to which joints to fuse is made analysing clinical and radiological 
deformities. 

Guided image is used to ensure the level identified and the placement of the fixation implant, 
plate and screws. 

The fusion procedure is undertaken by removing the articular surface, compressing the joint and 
adding bone graft, if need be, prior to the fixation. 

It is vital that, the talonavicular joint is reduced in supination prior to the internal fixation. Plates 
and screws are used for fixation. Talonavicular plate or medial column fusion plates are chosen 
according to the extent of arthritis, deformity, and planned fusion. The subtalar joint is fused in 
neutral, or 5-degree valgus heel position using two auto fix Stryker headless screws or cannulated 6.5 
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screws. The C-arm is used preoperatively to check if the Meary angle, the calcaneus tilt angle has 
improved. 

 

Figure 3. medial coulmn fusion involving the fist metatarsal, navicula. Talar fusion. The peak of the deformity 
is at the first tarsometatarsal joint, which has to be involved in the fusion. 

After surgery, a below knee plaster of Paris is applied to be kept for 2 weeks to be changed to a 
light below knee cast after two weeks and after wound check-up, 

The patient is allowed mobilizing without weight bearing for 6-12 weeks or until bone bridging 
across the fusion is seen. 

After 6 weeks of surgery a below knee boot is applied, if appropriate gradual weight bearing in 
walking boot is then allowed. The boot is discarded after 6 weeks. Deep vein prophylaxis using 
subcutaneous Fragmin 5000 for 6 weeks. 

Standing foot and ankle check X-rays are taken at 6 weeks, three and six months after surgery to 
evaluate the fusion and implant complications. 

At the final follow-up, pain relief and patient satisfaction in addition to Manchester Oxford foot 
score is recorded. 

Results are assessed on subjective measure and objective measure, union rate across the joints 
with attempted fusion. 
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The results are considered good, if the pain relief and the deformity correction is significant and 
the Manchester Oxford score has improved (mean 45) and there are radiological signs of angle 
improvement and union with minimal complication not affecting the outcome. 

Fair results are considered for patients who have developed mild recurrence of the 
pesplanovalgus deformity not necessitating revision surgery. Two patients had mild recurrence of 
valgus deformity proximal to cuneiform metatarsal fusion. 

Poor results are considered for patients who continue to have pain, and the deformity is not 
corrected, and further surgery deem to be necessary. 

Fusion rate seen on CT scan or plan radiographs has shown that single-Tarsometatarsal (TMT) 
joint surgeries had a significantly greater proportion of fusions occurring by 12 weeks than the 
multiple-TMT-joint surgeries, 74.9% vs 67.0%, respectively, P = .0002. Many non-union were 
asymptomatic; the combined asymptomatic non-union and union rate was 95.4%. The revision rate 
for all non-union was 25.5%. Staple fixation was associated with higher non-union rates in the second 
(46.15%) and third (37.5%) TMT joints, whereas screw fixation showed the highest non-union at the 
first TMT joint (54.6%). The lowest non-union rates were observed with combined interfragmentary 
screw fixation and plating across all joints. Diabetic patients and current smokers experienced higher 
complication and non-union rates. Although the radiographic non-union rate (18.2%) exceeded prior 
reports, symptomatic non-union was rare (4.6%). Multiple MT-joint surgeries required more time to 
confirm radiographic union than single joint surgeries. Among the modifiable factors, implant and 
graft choice were associated with differences in union rates.[17] 

Reported Complications: 
Fusion surgery for degenerative pesplanovalgus is daunting and time consuming with a 

significant complication rate. Infection, venous thromboembolism, wound problems, neurovascular 
deficit and others. Persistent of leg swelling can take as long as 12-24 months. 

Non-union, recurrence of deformity and implant related problems; remain to be of considerable 
concern resulting in patient dissatisfaction. Screw breakages however can be found accidentally on 
radiographs of the foot and may be asymptomatic requiring no further surgery. It is vital that the 
patient is informed of the need of further revision surgery if need be. 

Discussion 

Post-degenerative valgus foot deformity is a challenging condition which often requires surgical 
intervention if conservative management fails, however there is no one procedure of choice and all 
the options are fraught with relatively high complication rate.  Triple arthrodesis used to be 
considered the procedure of choice however, the deformity caused by this condition is multifaceted 
and triple arthrodesis may not be sufficient. Several complications are reported, non-union of fusion 
surgery, under or over corrected deformity and secondary arthritis of the remaining joints of the mid 
foot and the ankle joint, infection of surgical site and deeper, and the failure of internal fixation. 
Wallinget al performed triple-joint arthrodesis on twenty-five patients with flatfoot [l l]. One patient 
(4%) had talonavicular joint non-union after operation; two patients (8%) had calcaneal varus 
deformity due to the inadequate correction of the flatfoot; one patient (4%) had no significant 
improvement in pain after operation, and the arch of foot failed to return to normal height. Mann et 
al performed 3joint fusion on eighteen cases of adult flatfoot. At the last follow-up, the AOFAS score 
increased significantly, but three patients developed bone non-union [12-2016]. 

Medial column fusion with the inclusion of the peak of valgus deformity does seem to improve 
the deformity; however, in a biomechanical study it is found that medial column fusion in isolation 
as compared to a combined medial and lateral column fusion, may increase plantar and 
calcaneocuboid joint pressure [16]. 

The armamentarium for the medial column fusion is varied, and a bolt has been tried for Charcot 
foot with valgus deformity. The medial column bolt provides satisfactory correction of the deformity 
but failed to provide adequate fixation for fusion in CN deformities in the foot. In its present form, 
we cannot recommend the routine use of this bolt. 
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Progressive collapsing foot deformity (PCFD; commonly referred to as flatfoot deformity) is a 
complex condition classically characterized by hindfoot valgus, midfoot abduction, and forefoot 
varus. Medial column arthrodesis can be used to reliably correct severe, arthritic, and unstable PCFD 
involving the medial column. Although both naviculocuneiform arthrodesis and talonavicular 
arthrodesis have their own indications,  patient selection and careful radiographic and clinical 
assessment are crucial for any medial column arthrodesis. 

The medial column bolt provided satisfactory correction of the deformity but failed to provide 
adequate fixation for fusion in Charcot deformities in the foot. In its present form, we cannot 
recommend the routine use of this bolt [18]. 

The results of this small cohort series suggest that lag screw with plantar plate NC arthrodesis 
yielded improved short-term radiographic and clinical outcomes in PCFD patients with medial arch 
collapse through the Naviculocunform joint. [19] 

The results of double arthrodesis (talonavicular and subtalar joints) through a medial approach 
were better. Brilhault et al, evaluated fourteen patients treated using double arthrodesis. The average 
follow-up time was less than 21.5 months [13]. All deformities were well corrected. None of them had 
bone non-union. Jackson followed up eight patients with 100% of the fusion rate and whose average 
fusion time was 5.25 months. After joint fusion and osteotomy, twenty-six patients were followed up 
for the last time [14]. Calcaneal valgus deformity and flat arch deformity were corrected. In the 
current series, the calcaneocuboid fusion was not performed in most of the patients without any 
complications, the duration of the operation was shorter and only one incision was used. In a 
cadaveric study, using medial and lateral column fusion, it was found that the combination of fusion 
significantly increased lateral and calcaneocuboid pressures with loading compared with isolated 
medial column fusion [15]. Some believe that non-inclusion of the calcaneocuboid joint does not have 
a negative impact in the correction of rigid pesplanovalgus. 

Lateral column lengthening (Evan's procedure is performed to aid in the correction and 
equalizations of the medial and lateral column. The longer the medial column, the more joints need 
to be fused to shorten the column. The medial column consists of forefoot, mid and rear foot joints, 
the talonavicular joint (rear foot), and naviculocuneiform and the first tarsometatarsal joints 
(forefoot). The loss of medial column support can be viewed as having either a direct or indirect 
causal effect on pronation during the gait cycle. 

Bearing in ming that biomechanical studies suggest that Medial and lateral column fusion 
significantly increased lateral and calcaneocuboid pressures with loading compared with isolated 
medial column fusion and the intact state. No difference was observed between isolated medial 
column fusion and the intact state [21]. There is some evidence that bone grafting can aid in the 
success of the fusion of [22]. 

In conclusion; Identifying the peak of valgus foot deformity, and any mechanical lower limb 
malalignment which may be leading to pesplanovalgus deformity and planning corrective surgery, 
would be beneficial. Deformity at the knee or the ankle may lead to valgus foot deformity and must 
be addressed accordingly. 

Declaration of interest: none. 
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