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Abstract

High complication rates were reported with the graft usage when performing lateral column lengthening in cerebral palsy patients. In order to overcome such technical 
difficulties, we designed a titanium cubic cage and the purpose of this study was to describe this new fixation method and report results after calcaneal lengthening osteot-
omy using this new implant. Used in 86 feet of 55 patients. Average patient age was 11.6 years, and mean follow-up was 42.6 months. Clinical examination was performed 
preoperatively and in follow-up. In the anteroposterior radiographs, the talonavicular coverage and the talus-first metatarsal angles and in the lateral radiographs, the 
talocalcaneal and the talus-first metatarsal angles were measured. Forefoot abduction improvement and medial longitudinal arch was successfully reestablishment were 
detected in almost all of the patients. All patients showed significant improvement in mean talonavicular coverage, anterior talus-first metatarsal, lateral talocalcaneal, and 
lateral talus-first metatarsal angles. Our results show that TCC provides significant correction and stable fixation and reduced complication rates compared in CP.
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Introduction

Planovalgus foot deformity is a major source of disability in children 
with cerebral palsy (CP), with an incidence as high as 25% [1]. It 
is caused by many factors, including overactivity and subsequent 
shortening of the gastrocnemius-soleus complex and peroneal 
muscles [2, 3]. Subsequently, the heel deforms to valgus position, 
and the forefoot is abducted and pronated [4]. Planovalgus foot is 
clinically associated with pain, depression of the medial longitudinal 
arch, walking disabilities, callosities, and ulcerations [5, 6]. If 
clinical symptoms are present, correction of the deformity and 
reconstruction of the medial longitudinal arch will become necessary.

Treatment options in planovalgus deformity are orthotic 
applications, peroneal muscle lengthening, calcaneal lengthening,

subtalar fusion, and triple arthrodesis [7, 8]. Evans [2] introduced 
calcaneal lengthening procedure to correct planovalgus deformity 
in ambulatory children with CP. He achieved correction by giving 
forefoot adduction, internal rotation and supination [9]. Although 
high success rates have been reported since then, complications 
have occurred too, such as early graft displacement, loss of 
correction, donor site morbidity, nonunion, and delayed union [4]. 
To avoid loss of correction or recurrence, plate or K-wire fixation 
methods have been proposed. However, K-wires offer insufficient 
stability, and plate fixation is related to hardware problems due to 
poor soft tissue coverage and irregular shape of the calcaneus [4, 
10]. To keep the osteotomy site distracted or calcaneus lengthened, 
autologous bone grafting has been commonly used. The iliac crest 
is the most common donor site. However, donor site complications 
are not rare, which are infection, hematoma formation, iliac wing 
fracture, neural or vascular injuries, chronic donor site pain, 
hernias, and scarring [11, 12].

A recently designed titanium cubic cage (TCC) is a novel alternative 
to graft in the calcaneal lengthening procedure to prevent graft-
related problems, correction loss, and recurrence. Our primary 
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aim is to describe this new fixation method and report results 
after calcaneal lengthening osteotomy using this new implant.

Materials and Methods

Institutional Review Board and Ethical Committee approval 
(decision No: 139) was obtained before initiation of this 
retrospective study. 55 children (86 feet) with a diagnosis of 
spastic CP who had undergone lateral column lengthening for pes 
planovalgus with a TCC were included to the study. Thirty-one 
children had bilateral and 24 children had unilateral procedures. 
Thirty-three of the patients were male, 22 were female, and the 
average age at the time of surgery was 11.6 (range, 7–22) years. 
The mean follow-up period was 42.6±13.5 (range, 22–92) months.

The patients included in this study had a diagnosis of either 
mild, or moderate planovalgus foot deformity accompanying CP. 
Major complaints were pain and callus on the foot resistant to 
conservative management. All patients were reported as having a 
foot flexible enough to be manually corrected to near-alignment 
in a non-weight-bearing position (Figure 1). Patients with specific 
conditions, e.g accessory navicular bone, arthritis and patients 
who need additional surgical procedures for midfoot or hindfoot 
(medial column shortening, subtalar arthrodesis etc.) which can 
affect the foot alignment, were excluded.

Figure 1. A-C. Preoperative images of a 13-year-old cerebral palsy patient with pes 
planovalgus deformity: Anterior (A), posterior (B) and lateral (C) view

The cages were provided by the manufacturer (Tasarimmed, Istanbul, 
Turkey) and were commercially available. TCC’s have widths of 
7-13 mm and length of all implants was 14 mm (Figure. 2). The 
centrally placed screw allows for further adjustment after, if needed.

Figure 2. Images of a titanium cubic cage. There is a central screw which expands 
the cage when tightened

The patients were placed in supine position under general 
anesthesia. Evans’s intra-calcaneal osteotomy technique was 
performed, as described by Mosca [2, 13]. Between the anterior 
and middle facets of the calcaneus at 10–20 mm proximal to the 
calcaneocuboid joint a transverse osteotomy was created with 

the help of an oscillating saw, while leaving the medial cortex 
intact. The medial corner of the calcaneus was osteotomized 
with an osteotome. The osteotomy area was distracted with a 
lamina spreader, until the medial longitudinal arch of the foot was 
reestablished clinically (Figure 3). Under fluoroscopy, alignments 
of the calcaneocuboid and talonavicular joints were evaluated 
(Figure. 4). More than 75% talar head coverage as well as normal 
transverse tarsal joint alignment were aimed to confirm the desired 
correction. Then, an appropriately sized TCC was inserted into 
the distracted osteotomy site just in between the lateral cortices of 
the calcaneus (Figure. 5). TCC allows for further adjustment after 
insertion, if needed, via tightening a centrally placed screw. 

Figure 3. Views of a patient with pes planovalgus deformity during the operation. 
Distraction of the calcaneal osteotomy and simultaneous formation of the medial 
longitudinal arch is seen on the left. On the right, medial view of the foot is seen 
after the procedure. The patient also underwent percutaneous Achilles lengthening

Figure 4. Fluoroscopic view of the foot during the operation. The osteotomy site 
is distracted with the lamina spreader. Improvement in talonavicular coverage is 
confirmed

After the correction, the tension in the gastro-soleus muscle 
complex was assessed. Achilles tendon lengthening was indicated 
if ankle dorsiflexion was minus 10 degrees or less with the knee 
flexed up to 90 degrees. A percutaneous triple stab incision for slide 
lengthening was performed to obtain 20 degrees of dorsiflexion 
at the ankle. After the surgical procedure, a short leg plaster cast 
was applied with the foot in neutral position. Weight-bearing as 
tolerated was allowed postoperatively. After six weeks, the cast 
was removed, passive range-of-motion exercises were started and 
use of an ankle-foot orthosis was initiated for another six weeks.
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Figure 5. Image of an titanium cubic cage inserted into the osteotomy site

Patient files were searched in detail for any concomitant surgeries. 
Anteroposterior and lateral radiographies before and after the 
surgery were evaluated by the same physician (Figure 6–8). In 
the anteroposterior radiographies, the talonavicular coverage and 
the talus-first metatarsal angles were measured. Talonavicular 
coverage was used to determine the alignment of the midfoot, 
and the anteroposterior talus-first metatarsal angle was used as a 
determinant of forefoot abduction. In the lateral weight-bearing 
views, the talocalcaneal and the talus-first metatarsal angles were 
measured. Both were used to define midfoot planus [3, 4, 9, 11]. 
Bone union status was assessed via follow-up radiographies.

The patients were called for the final control to determine whether 
forefoot abduction, depressed medial longitudinal arch, or hindfoot 
valgus had recurred. The results were compared with preoperative 
examination photos and assessed as either “improvement” or 
“unchanged.” This functional assessment was performed using the 
Gross Motor Function Classification System preoperatively and at 
last follow-up.

Figure 6. Anteroposterior and lateral X-ray views of a planovalgus foot before 
correction 

Figure 7. Anteroposterior and lateral X-ray views of the foot early after calcaneal 
lengthening osteotomy using titanium cubic cage 

Figure 8. Anteroposterior and lateral X-ray views of the foot two years after calca-
neal lengthening osteotomy using titanium cubic cage 

Figure 9. Preoperative and follow-up Gross Motor Function Classification System 
(GMFCS) levels
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Intraoperative, postoperative, and follow-up complications such 
as infection, failure, delayed union, nonunion, were recorded 
in addition to reoperation rates and reasons. Delayed union 
was defined as a failure to reach bony union by six months 
postoperatively. Nonunion was defined when nine months had 
elapsed with no healing progress for three months.

Statistical analysis was performed with statistical package for 
the social sciences (SPSS) version 15 (SPSS Inc., Chicago, IL). 
Data for continuous variables were reported as mean ± standard 
deviation (minimum-maximum) and data for categorical variables 
reported frequency. The Wilcoxon rank test for binary comparisons 
was used to compare the continuous variables at different times. 
The results were evaluated at a 95% confidence interval and a 
significance level of p <0.05.

Results

All patients had concomitant surgery, and Table 1 shows these 
concomitant surgical procedures. The radiographic measurements 
of the talonavicular coverage angle, talus-first metatarsal angle, 
lateral talocalcaneal angle and lateral talus-first metatarsal angle 
showed significant improvement (p=0.0001) after the operation 
(Table 2).

Table 1. The concomitant surgical procedures

Concomitant surgery Number of cases

Adductor tenotomy 1

Hallux valgus surgery 16

Achilloplasty 61

Iliopsoas tenotomy 10

Tibia derotation osteotomy 3

Supracondylar femur extension osteotomy 20

Tibialis anterior transfer 5

Hamstring tenotomy 17

Femur varization derotation osteotomy 5

Pronator tenotomy 5

Flexor carpi ulnaris transfer 5

Rectus transfer 2

Plantar fasciotomy 1

Patellar tendon advancement 4

Tibialis posterior transfer 1

Table 2. The preoperative and follow-up radiographic measurements

Preoperative Follow-up

Talo-navicular Coverage 22.3⁰ (±9.2⁰) 8.2⁰ (±5.3⁰)

Talus-First Metatarsal Angle (AP) 17.2⁰ (±8.5⁰) 7.3⁰ (±3.6⁰)

Talo-calcaneal Angle (Lateral) 36.4⁰ (±7.1⁰) 27.9⁰ (±7.2⁰)

Talus-First Metatarsal Angle (AP) 14.3⁰ (±6.2⁰) 7.1⁰ (±3⁰)

Forefoot abduction improved in 74 cases. Medial longitudinal 
arch was successfully established while bearing weight in 72 
cases. Hindfoot valgus had recurred in 11 cases. Figure 9 shows 
the preoperative and follow-up GMFCS levels: GMFCS levels 

improved in 18 patients.

Complete bone union was detected in all cases, and there was 
no delayed union, nonunion, infection or implant failure. Wound 
dehiscence was observed after cast removal in two patients. All 
patients were treated successfully with simple wound care. There 
were three calcaneocuboid joint subluxations; however, the 
patients did not receive any operation due to lack of symptoms. 
Also, five patients (four patients unilateral and one patient 
bilateral) experienced midfoot collapse at the first-year follow-up 
visit. The patients undergone revision calcaneal lengthening with 
the same procedure.

Discussion

The decision making out of treatment strategies for planovalgus 
foot deformity in CP patients is challenging due to indefinite course 
of CP and a lack of published data that clearly define the treatment 
algorithm [4, 13, 14]. Evans [2] presented the results of 56 feet that 
underwent lateral column lengthening. The author found that this 
procedure was inappropriate for the CP population; importantly, 
no detailed analysis of the results was available. However, in other 
studies calcaneal lengthening was found to be an effective method 
for treating planovalgus foot deformity in CP patients [15, 16, 
17]. In another study, the failure rate was as high as 30–40% due 
to non- or delayed union and early reduction loss4 Furthermore, 
iliac bone harvesting was shown to possibly result in significant 
complications and morbidity [18, 19]. The newly developed TCC 
implant was anticipated to avoid early correction loss, recurrence, 
and graft-related problems. This study demonstrated that in 
planovalgus foot deformity of CP patients, calcaneal lengthening 
with TCC provides adequate correction.

Some studies in the literature have presented radiographic 
results of calcaneal lengthening for planovalgus foot deformity, 
especially in CP patients [4, 13, 14]. In a study of 26 patients, 
Philbin et al [20] reported that talonavicular coverage improved 
by 58% with lateral column lengthening, which was a powerful 
sign of forefoot correction. The talonavicular coverage angle in 
our study improved by 63% with TCC. Klaue et al [21] operated 
26 planovalgus feet and found that the talocalcaneal angle in the 
lateral radiograph, a sign of hindfoot valgus, improved by 15% 
through lateral column lengthening. In our study, the talocalcaneal 
angle in the lateral radiograph improved by 23% with TCC. In 
short, significant improvements in radiographic parameters were 
achieved using TCC.

In a study of Yoo et al [3], after operating 92 planovalgus feet of 
56 CP patients, they stated that correction of forefoot abduction, 
heel valgus, and restoration of the medial longitudinal arch 
were remarkably predictive clinical parameters for the treatment 
of planovalgus foot deformity in CP patients. They found clear 
correlations between these parameters and the talocalcaneal angle 
and the talus-first metatarsal angles. In our study, we observed 
that the improvements in forefoot abduction, medial longitudinal 
arch formation, and hindfoot valgus were better with the TCC. 
Additionally, GMFCS levels improved in 18 patients.

Danko et al [5] reported a significant improvement in radiographic 
measurements after lateral column lengthening using allografts to 
treat planovalgus foot deformity in CP patients. However, 30% of 
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the 58 cases experienced graft collapse, and the author suggested 
using a plate to shield the graft from stress. Likewise, Conti et al 
[22] reported an almost 50% failure rate when using autografts for 
lateral column lengthening. One possible cause is inadequate bone 
quality. Because children with CP have deficient bone growth and 
propensity for osteoporosis [23]. We also believe that it is difficult 
to harvest appropriately sized autografts from the osteoporotic 
iliac bones of CP patients. Because of different available sizes of 
TCC and their ability to expand, surgeons can obtain an adequate 
osteotomy gap size in the calcaneus to correct the planovalgus 
deformity. During follow up, only six midfoot collapse and loss of 
correction occurred. The lateral column lengthening procedure was 
repeated with a TCC. Therefore, we postulate that early correction 
loss due to graft collapse can be avoided with the use of TCC.

The iliac crest is a common donor site for autologous bone grafting. 
Reported complications include varying degrees of chronic donor 
site pain, local tissue collapse, avulsion fracture of the anterior 
superior iliac spine, and deformation at the iliac area. Muscle 
or visceral organ herniation and gait abnormalities may also 
arise in cases of large graft harvests [18–24]. On the other hand, 
major concerns about allografts include the well-documented 
risk of transmitting infectious agents as well as malignant cells, 
mechanical insufficiency of the harvested tissue, adverse reactions 
to products used for allograft processing, and a collapse rate of up 
to 30% [5, 25, 26]. In addition to their higher costs, some patients 
refuse to accept cadaveric allografts. Using the cages described in 
the current study eliminates complications or concerns about either 
autogenous or allogenic bone grafting. Complete bone union was 
found in all our TCC cases. Thus, the study also showed that use 
of TCC presents no disadvantage to bone healing when compared 
with autografts.

De Orio [10] reported that instrumentation prominence following 
lateral column lengthening can be problematic when a metallic 
implant is used, both with and without a graft. We believe that 
the TCC also has eliminated the risk when the cage is inserted 
properly into the osteotomy site, between cortices. If the TCC is 
not fitted beyond the anterior articular surface or the lateral cortex 
of the calcaneus, instrumentation prominence does not occur in 
either the subtalar joint or the lateral surface of the calcaneus.

Mosca [13] reported that calcaneocuboid subluxation of the 
distal calcaneal fragment during distraction of the osteotomy site 
can lead to osteoarthritic changes later; thus, he recommended 
stabilization of the calcaneocuboid joint with pinning. However, 
Adams et al [27] showed that Steinmann pin stabilization of the 
calcaneocuboid joint reduced neither the incidence nor the extent 
of calcaneocuboid subluxation. He recommended using Kirschner 
wire pinning to gain stable fixation of the joint and correction. 
However, Kirschner wire fixation is inherently a temporary 
method and once removed, risk of recurrence of the deformity 
ensues. While Andreacchio et al [4] suggested semi-tubular 
plate fixation against failure and joint instability, he reported a 
25% failure rate as well as implant prominence. We believe that 
excessive distraction of the osteotomy gap causes calcaneocuboid 
subluxation independent of the surgical method, which can be 
avoided with intraoperative fluoroscopic control.

Our study population was limited to CP patients, and we did not 
have experience with TCC in other patient populations. However, 

this functionally homogeneous patient group provides better 
understanding of the technique and results. We believe that future 
studies should be conducted on this subject. In addition, our 
clinical measurement criteria based on subjective evaluation of the 
foot before and after the surgery. This is a common problem in the 
clinical evaluation of lateral column surgery results.

In conclusion, early results after correction of planovalgus foot 
deformity in CP patients with calcaneal lengthening using TCC 
showed that this technique provided sufficient correction with 
less complication. This treatment is potentially reproducible and 
preferable in other patient groups with osteoporotic bone and in 
those for whom allograft is unsuitable.

Conclusion

Early results after correction of planovalgus foot deformity in CP 
patients with calcaneal lengthening using TCC showed that this 
technique provided sufficient correction with less complication. 
This treatment is potentially reproducible and preferable in other 
patient groups with osteoporotic bone and in those for whom 
allograft is unsuitable.
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