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ABSTRACT 

Aim: Congenital pseudarthrosis of the tibia (CPT) is a rare, dysplastic condition causing 

significant disability in the lower limbs. A treatment aims to achieve long-lasting union, 

prevent limb length discrepancies, and prevent soft tissue lesions. Traditional surgery 

often yields satisfactory results, but amputation may be proposed in failed cases. This 

report presents a congenital pseudarthrosis of the tibia and fibula, treated with the Paley 

cross-union protocol. 

Methods A 15-month-old girl presented with a crooked right lower leg at the age of two 

months, history of a right lower leg fracture at the age of eight months, and pain when 

moving her leg. She had undergone an initial surgical procedure to maintain tibia align-

ment with K-Wire insertion and was cast at a private hospital.  

Results The patient's physical examination showed a cast causing limited range of mo-

tion, but no tenderness or distal neurovascular issues. The Paley cross-union protocol 

was performed, involving anterior approach, curettage, and insertion of a titanium in-

tramedullary elastic nail into the tibia. The fracture site area was covered with a meshed 

periosteum layer and filled with synthetic bone grafts. A long leg cast was performed 

after the procedure. An imaging examination post-cross-union protocol showed a good 

result. 

Conclusion Cross-union for CPT represents a paradigm shift in the treatment of this 

horrible child disease. Given the promising result, the cross-union approach has to be 

regarded as a fresh criterion for treating CPT. 
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INTRODUCTION 

Congenital pseudarthrosis of the tibia (CPT) is an un-

common dysplastic disorder affecting the lower extremi-

ties, which results in substantial impairment. A tibial 

diaphyseal fracture that fails to heal and forms a non-

union might occur without any apparent cause or may 

be triggered by a minor injury in a section of the bone 

that was already abnormal (1). The cause of CPT is still 

a subject of debate, and it mostly relates to the reduced 

ability of the pseudoarthrosis tissue to form new bone. 

Approximately thirty-eight to ninety percent of these 

instances are associated with neurological disorders (1,2). 

The occurrence of CPT ranges from 1 in 140,000 to 1 in 

250,000 births, and bilateral variants are exceptionally 

uncommon (2,3). The illness manifests throughout in-

fancy. Nevertheless, there is a less common form called 

delayed-onset variety that is initially ordinary at deliv-

ery and grows into front bending at around the ages of 

four and twelve years (3). 

The treatment for CPT continues to be difficult. Every 

management seeks to achieve a durable union of the 

tibia and fibula to avoid discrepancies in extremity length 

and prevent lesions of the soft tissues, mechanical axis 

deviation, inflexibility of the adjacent joints, and patho-

logical fractures (4). The typical surgery for the treatment 

of CPT involves the invasive procedure of the removal of 

pseudoarthrosis tissue, which involves damaged perioste-

um, with secure interior or exterior stabilization, using 
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either a graft that has its blood supply or a graft without a 

blood supply (3). In CPT situations, achieving the union 

is the exclusive goal of the operation. It involves treating 

limb length discrepancies and re-establishing the proper 

positioning while preserving regular articular perfor-

mance (1). There is also a description of a non-invasive 

technique to improve union that uses electrical stimula-

tion rather than surgery (5). Additionally, prophylactic 

bracing can help prevent or delay the deformity linked to 

this issue in a youngster who has just begun walking (1). 

But neither invasive nor non-invasive methods have 

demonstrated their advantage (6). Traditional surgery 

frequently yields satisfactory results; in such circum-

stances, an amputation might be suggested (3). This re-

port presents a congenital pseudarthrosis of the tibia and 

fibula, treated with the Paley cross-union protocol. 

PATIENTS AND METHODS 

Patients and study design 

A 15-month-old girl came to Dr Saiful Anwar General 

Hospital, on 6 July 2023 complaining about history of a 

crooked right lower leg, which was realized at the age of 

two months. On the patient's leg, there was a surgical 

scar on the anterior side after cast removal (Figure 1). 

The patient had a history of a right lower leg fracture at 

the age of eight months. According to her parents, the 

patient appeared to be in pain when moving her right 

lower leg. The patient had previously undergone an 

examination at a private hospital and had completed the 

initial surgical procedure to maintain the alignment of 

the tibia with the K-Wire insertion and cast on 5 January 

2023. At the same private hospital, the implant removal 

was carried out on 19 June 2023. 

 

Figure 1. Clinical presentation of the affected lower leg (Dr 

Saiful Anwar General Hospital, 2023) 

Methods 

The Paley cross-union protocol was performed. The 

operating procedure was done with a supine position in 

general anaesthesia. An anterior approach was per-

formed from the superficial layer to the deep layer with 

identify tibialis anterior artery and retracted. The fibrous 

hamartoma was removed from the fracture site, curet-

tage was performed at the fracture site (Figure 2). A tita-

nium intramedullary elastic nail with a 3mm diameter 

was inserted into the tibia. The fracture site area of the 

tibia and fibula was covered with a meshed periosteum 

layer from the iliac bone, and then the fracture site area 

was filled with a combination of synthetic bone grafts 

that contained rhBMP-2 and iliac bone graft. After the 

procedure until wound closure, a long leg cast was per-

formed. 

 

Figure 2. Right and left lower legs x-ray A) showed a bow-

ing from the middle to the distal shaft of the tibia and 

fibula; B) right lower leg with the tibia fracture; C) three 

months after k-wire insertion; and D) post-implant remov-

al (Dr Saiful Anwar General Hospital, 2023) 

RESULTS 

The physical examination before surgery showed a cast 

in the lower right tibia causing limitation in the range of 

motion (ROM) due to the cast. There was no tenderness 

and distal neurovascular within normal limits. The 

AP/lateral lower legs X-ray examination was performed 

on 6 July 2023, and showed bowing from the middle to 

the distal shaft of the tibia and fibula, with a narrowing 

medullary canal at the 1/3 distal tibia, and there was a 

fracture line at the fibula. A fracture line at 1/3 distal tibia 

and angulation, atrophy, and tapering at the fracture site 

of the fibula and the alignment of the tibia and fibula was 

restored after wire replacement with atrophy, and tapering 

at the fracture site of the tibia and fibula (Figure 3). 

 

Figure 3. A) Fibrous hamartoma from the fracture site; B) 

pseudoarthrosis tibia. Post removal of fibrous hamartoma, 

fracture site seen (Dr. Saiful Anwar General Hospital, 2023) 
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An imaging examination post Paley cross-union proto-

col with intramedullary elastic nail fixation in the tibia 

with bone graft augmentation and cast showed a good 

result (Figure 4). 

DISCUSSION 

This report presents a congenital pseudarthrosis of the 

tibia and fibula treated with the Paley cross-union pro-

tocol. A long leg cast was performed. Post-surgery, an 

imaging examination showed a good result. 

Thirteen years of follow-up utilizing the Paley cross-

union protocol, adding purposeful cross-union of the tibia 

to the fibula boosted the triumph percentage to 100% 

(36/36) (7,8). Comparably, Choi et al. reported utilizing 

the 4-in-1 osteosynthesis approach to achieve a cross 

union in CPT with a triumph percentage of 100% (8/8) 

with a seven-point four-year follow-up (9). Similar out-

comes have been reported in two more recent investiga-

tions of the cross-union management for CPT utilizing 

variations of techniques by 100% at 4-year follow-

up (10,11). 

The actual cause of CPT is unknown. However, several 

theories have been put up, including the notions of ge-

netic flaws, foetal compression and amniotic band inju-

ry, nutritional shortage, hormonal disturbance, and neu-

rovascular abnormality at the early stages of the devel-

opment (2)The pathogenesis of this condition is charac-

terized by heightened osteoclastic activity caused by 

signal anomalies or reduced skeleton formation due to 

deficiencies in the local blood supply to the skeleton 

(12). The disorder might be hereditary, as seen in the case 

of NF-1 association, or it can be caused by fibrous 

hamartoma and sick periosteum. The NF-1 gene is mutat-

ed in cases of CPT associated with neurofibromatosis, 

which results in forfeit of neurofibromin activity, upkeep 

of Ras-GTP, the active form of Ras, and defects in the 

Ras-MAPK route that impair osteoblast differentiation 

(13). Additionally, osteoclastic activity rises due to the 

Ras pathway's overexpression, which causes bone     

resorption (1). 

CPT is diagnosed during the initial moments of exist-

ence or at birth. It manifests as an anomaly extremity 

marked by the tibia's frontside bending or as a break 

among two skeletons that comprise the tibial part (14). 

Simple tibial bowing, severe bone abnormalities, includ-

ing bowing in one or both leg bones, pathological frac-

tures, and pseudoarthrosis are only a few of the disease's 

symptoms. The tibia bending and reduced tibial devel-

opment are other causes of leg shortening (15). In NF-

1-related illnesses, a thorough neurological and derma-

tological evaluation is also performed (1). 

A routine roentgenogram is recommended as the initial 

diagnostic procedure. Conventional imaging displays 

diverse abnormalities (16). Non-union develops as a 

result of the gradual deterioration of the malformation. 

Traditional imaging may reveal a tibial skeleton that is 

either slim and diminished or broad and hypertrophic, 

generally with a concave proximal piece and a pointed 

distal fragment (17). This spurious articulation frequently 

occurs in the lower part of the shaft. However, it might 

appear everywhere. The fibula is commonly impacted 

(18). Magnetic Resonance Imaging (MRI) of CPT offers 

significant insights into the scope of the disease (19). An 

accurate definition of resection borders makes the prepa-

ration before surgery more beneficial. MRI is a suitable 

supplementary imaging tool that ought to be utilized 

alongside traditional radiography for the detection and 

follow-up of CPT (19). A computed tomography scan 

(CT) typically validates radiography observations by 

revealing osteolytic ulcers involving dense tissue (1). 

Congenital pseudoarthrosis of the tibia (CPT) treatment 

success is translated as union without another breakage. 

 

Figure 4. A) Post Paley cross-union protocol with intramedullary elastic nail fixation in tibia with bone graft aug-

mentation and cast; B) one month after Paley cross-union protocol; C) two months after Paley cross-union protocol 

(Dr Saiful Anwar General Hospital, 2023)  
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Most methods, including rodding, Ilizarov, rodding plus 

Ilizarov, and free vascularized fibula, have a success 

rate of about 50%. The Paley cross-union procedure, a 

recent innovation, has increased this triumph to almost 

perfection in certain studies. The tibia and fibula are 

crossed together using this technique. Preoperative 

zoledronic acid infusion is the first step in the Paley 

cross-union technique. This protects the tibia, fibula, 

and autogenous bone graft from resorption by the hy-

persteoclastic cells in CPT (9). In conclusion, cross-

union for CPT represents a paradigm shift in the treat-

ment of this horrible child disease. Given the promising 

results, the cross-union approach has to be regarded as a 

fresh criterion for treating CPT, given the significant 

difference in success rate from 50% to 100%. 
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