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Abstract: The objective of this study was to determine the efficacy of the PRECICE 2® nail in the 

treatment of lower limb length discrepancy in patients with a history of bone tumors. This study 

reports on outcomes, complications, and the safety of the PRECICE 2 limb lengthening nail in a cohort 

of pediatric patients with limb length discrepancy after surgery for bone tumors. Seventeen patients 

were treated with intramedullary magnetic nails. The average patient age at the time of surgery was 

19 (range 11–32). The PRECICE 2 nail was used on 14 femurs (6 retrograde and 8 anterograde) and 3 

tibias. The average consolidation time was 141 days (range 50–360) with a mean CI of 31 ± 12 days/cm. 

The ASAMI bone score showed 14 (82%) excellent results, 1 (6%) good result, and 2 (12%) poor results. 

The ASAMI functional score showed 13 (84.6%) excellent results, 3 (11.5%) good results, and 1 (3.8%) 

fair result. Patients treated with chemotherapy for bone cancer did not show any increase in distraction 

time or consolidation time. A total of 3 (17%) problems, 1 obstacle (5.5%), and 1 complication (5.5%) 

were encountered in our case series. The PRECICE 2 nail allows for effective and accurate lengthening 

preserving the range of motion in patients treated for bone tumors. 

Keywords: bone tumor; PRECICE 2 nail; bone tumor; osteosarcoma; limb length discrepancy;  

magnetic nail 

 

1. Introduction 

Skeletal reconstruction after resection of bone tumors in the lower extremities of 

children remains a difficult challenge. Most primary bone tumors arise in children and 

adolescents and are located around the knee (proximal tibia and distal femur). The distal 

femoral physis accounts for approximately 70% of the overall growth of the femur (40% 

of the total growth of the entire lower extremity), while the proximal physis of the tibia 

contributes to approximately 55% of the total growth of the tibia (25% of the overall 

growth of the lower extremities) [1]. Limb salvage can be achieved in most cases, with 

neoadjuvant chemotherapy. The type of reconstruction depends on the site and extent of 

the tumor, and in children, it strictly depends on the relationship of the tumor with the 

growth plate. If the tumor extends to the metaphysis and/or to the epiphysis, resection 

may sacrifice the growth plate of the affected bone, and articular reconstruction with a 

standard adult-type prosthesis sterilizes the growth plate of the opposite bone segment 
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as well, thus causing a discrepancy that will be greater the younger the child is at the time 

of surgery [2,3]. 

In the era of limb salvage, the gold standard to treat bone tumors in children should 

preserve not only the limb itself but also its function. Equal limb length at maturity and 

good functional outcome are the main goals of these surgeries but are difficult to achieve. 

Various techniques have been proposed to limit the final length discrepancy and to 

preserve the patient’s bone stock, such as osteoarticular allografts, hemi-articular 

composite prostheses [4], and expandable prostheses [5]. Biological reconstructions may 

preserve and replace the bone stock, but they leave the issue of longitudinal growth 

unresolved. Expandable prostheses may require repeated surgeries, induce gradual bone 

stock loss in the affected limb, and require a minimum amount of space to insert the 

prosthesis and the stems. 

During skeletal growth, one option to minimize length discrepancy is to reduce the 

growth of the contralateral limb with epiphysiodesis, which is limited by the patient’s 

growth potential and therefore often does not guarantee optimal correction of the length 

difference. 

Once skeletal growth has stopped, bone lengthening with callus distraction can 

correct limb length discrepancy (LLD). External fixation has been the gold standard for 

limb lengthening thus far. Nevertheless, the use of an Ilizarov frame or another external 

fixator device is plagued by several disadvantages, such as pin tract infection [6,7]; risk of 

fracture at the regeneration site after removal [8]; pain, stiffness, and muscle contracture 

due to soft tissue fixation by pins or Kirshner wires [9]; and the patient’s inconvenience of 

having to accept long-term, bulky, and disabling devices [10]. 

Intramedullary motorized lengthening devices (powered by magnetic or electrical 

energy as opposed to devices requiring mechanical action) have generated new 

possibilities for reconstruction. Moreover, they allow for earlier rehabilitation, have a 

lower infection risk, and are received better by patients [11–15] when compared to 

external fixators. 

The use of a magnetic extendable nail is reported in the literature as safe and effective. 

However, there are few papers that describe its use in patients with a history of bone 

tumors. The PRECICE 2 nail (NuVasive, Inc., San Diego, CA, USA) is a magnetically 

driven telescopic titanium nail that lengthens or shortens with an internal magnetic 

gearbox activated by an external magnetic field [16].  

Usually, in patients with LLD, bone lengthening is performed through the native 

skeleton, while in patients previously treated for bone tumors, the discrepancy must be 

managed considering the previous skeletal reconstruction, which is usually accomplished 

using bone allografts and long synthesis devices, megaprostheses, or composite allo-

prosthetic reconstruction.  

Therefore, preoperative planning in this group of patients should first consider the 

previous reconstruction to determine the surgical approach, the nail size, and the site of 

osteotomy. 

In this study, we present a series of patients with LLD secondary to surgical 

treatment for bone tumors during childhood, which is the largest described up to now. 

We, therefore, undertook a retrospective analysis of a consecutive cohort to determine the 

following: (1) whether limb length discrepancy of the lower limbs in patients treated for 

bone tumor during childhood may be safely performed using a magnetic intramedullary 

nail (PRECICE 2); (2) whether patients treated with chemotherapy for bone sarcoma 

experienced a risk profile similar to others; (3) whether the type of reconstruction for a 

bone tumor influences the lengthening strategy. 

2. Materials and Methods 

A retrospective study was performed to identify all consecutive cases of LLD 

secondary to surgery for a bone tumor treated with the PRECICE 2 nail at our Institute 

from January 2014 to January 2022. 
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Inclusion criteria were as follows: (1) patients treated for benign or malignant bone 

tumors in childhood; (2) LLD ≥ 30 mm; (3) follow-up ≥ 12 months after the end of 

lengthening.  

Exclusion criteria were as follows: (1) disease progression; (2) LLD secondary to 

treatment for a benign or malignant bone tumor after skeletal growth had stopped. 

The Local Ethics Committee approved this study (10/2014/Oss/IOR; 27 June 2014), 

and informed consent was obtained from all patients. 

2.1. Planning 

The first surgery influences the lengthening strategy. Each patient underwent a case-

by-case evaluation, with the aim of preserving the previous reconstruction and obtaining 

the best lengthening. Based on the site of the previous treatment, we identified 3 scenarios: 

1. Tumor involving proximal and distal femur, or distal tibia: lengthening was 

performed on the affected bone opposite to the previous surgery.  

2. Tumor involving proximal tibia: lengthening was performed on the proximal femur. 

3. Tumor involving the pelvis: lengthening was performed distally to the femur.  

Two cases in our cohort were treated differently. One patient treated for proximal 

tibial tumor was lengthened distally to the tibia. The patient presented external sciatic 

popliteal nerve paralysis and ankle anchylosis after the first surgery. A retrograde straight 

femoral nail was applied distally to the tibia and through the calcaneal talus joint. 

Another patient presented bone hypermetria after treatment for distal femur 

osteosarcoma with a rotationplasty. In this case, the contralateral femur ended up shorter 

than the treated bone. To restore knee alignment, lengthening was performed on the 

untreated femur. 

2.2. Patients 

The accurate distraction length and the appropriate size and diameter of the nail were 

determined case by case with a plain radiograph and physical examination. The surgical 

technique has been described previously by Paley [17]. All patients began active and 

passive mobilization of lower limb joints, and walking with toe-touch weight bearing was 

permitted the day after surgery. Lengthening started 5–7 days after surgery, and two 

lengthening schedules were performed as follows:  

 1 mm per day in 3 steps of 0.33 mm for femoral lengthening or, in cases of planned 

lengthening, <6 cm;  

 0.66 mm per day in 2 steps of 0.33 mm for tibial lengthening or, in cases of planned 

lengthening, >6 cm.  

In cases of joint stiffness or delayed ossification at the regeneration site, lengthening 

was slowed down during treatment. After 3 days of lengthening, an X-ray was performed 

to confirm the correct functioning of the nail, and then patients were discharged. 

Patients visited the outpatient clinic for wound review 10 days after beginning 

lengthening, and an X-ray was acquired to check that lengthening was correctly 

performed. A review with a plain radiograph occurred bi-weekly during lengthening, 

monthly during the consolidation phase, and every 3 months thereafter. Partial weight 

bearing (25% of body weight) was allowed during the consolidation phase. 

2.3. Follow-Up 

The outcomes measured were the Distraction Index (DI is the ratio between the 

number of days of distraction and the achieved length in cm) and the Consolidation Index 

(CI is the ratio between the number of days from surgery to consolidation and the 

achieved length in cm). The distraction time was calculated from surgery to the end of 

lengthening. The consolidation time was defined as the time it took time to obtain bone 
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callus from surgery to callus formation along all four cortices of long bone and painless 

full weight bearing. 

Three of the researchers (CLu, BG, SE) independently evaluated the X-ray. The 

presence of a bridge callus in 3 out of 4 cortices in antero-posterior and lateral X-ray 

images and painless weight bearing 6 months after the end of the distraction phase were 

considered parameters for bone healing. The senior researcher (CLa) confirmed all the 

evaluations. Delayed union was defined as no progression in new bone formation on two 

consecutive X-rays 1 month apart. 

Postoperative complications were classified according to the Paley classification [9] 

as follows:  

 Problem (postoperative difficulty that resolved completely without intervention); 

 Obstacle (difficulty that required surgery yet resolved completely afterward);  

 True complication (intra- or postoperative complication that remained unresolved 

even after treatment was completed). 

Clinical results were classified according to the Association for the Study and 

Application of the Methods of Ilizarov (ASAMI) criteria. This score classifies bony and 

functional results as excellent, good, fair, and poor. The criteria for establishing the bony 

results were as follows:  

 Union; 

 Infection; 

 Residual deformity; 

 Limb length discrepancy.  

The criteria for functional results were limping, stiffness of either the knee or the 

ankle, sympathetic dystrophy, pain that resulted in reduced activity or disturbed sleep, 

and inability to return to previous activities (ASAMI classification). 

Descriptive statistics were created for all variables. A chi-squared test was used to 

test the association between categorical variables. For abnormally distributed data, the 

Mann–Whitney test was used to analyze two independent populations. Significance was 

set at p < 0.05 in all statistical analyses. All statistical analyses were performed with IBM 

SPSS Statistic 21.0 (IBM™ Corp, Armonk, NY, USA).  

3. Results 

A total of 41 patients were treated at our institution with the PRECICE 2 

intramedullary nail. Eighteen of them fit the inclusion criteria. The underlying etiology of 

LLD is reported in Table 1.  

Table 1. Lengthening details. 

Site 
Age 

(y)/Sex 
LLD Etiology 

LLD 

(mm) 

Gained Length 

(mm) 

Residual LLD 

(mm) 
CHT 

Tibia 11/F Proximal tibia composite prosthesis for OS 30 40 10 Yes 

Femur (A) 13/M Femoral intercalary reconstruction for OS 52 49 15 Yes 

Femur (R) 15/F 
Proximal femur composite prosthesis for 

OS 
50 40 15 Yes 

Femur (A) 15/F Ollier disease 45 45 0 No 

Femur (R) 17/F Polyostotic fibrous dysplasia 80 50 10 No 

Femur (A) 17/M Multiple exostoses 30 30 0 No 

Femur (A) 18/M Femoral intercalary reconstruction for OS 70 60 28 Yes 

Femur (A) 18/F 
Proximal femur curettage and bone 

grafting for UBC 
32 31 5 No 

Femur (A) 18/F 
Partial distal femur resection for Parosteal 

OS 
30 45 0 No 
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Femur (R) 18/M Pelvic reconstruction 40 40 10 Yes 

Femur (R) (*) 18/M Pelvic reconstruction 120 50 + 50 20 (**) Yes 

Tibia 19/M Multiple exostoses 50 50 0 No 

Femur (A) 19/F Proximal tibia composite prosthesis for OS 40 30 10 Yes 

Femur (R) 20/M Femoral intercalary reconstruction for ES 70 70 12 Yes 

Femur (R) 24/F 
Proximal femur curettage and bone 

grafting for ABC 
35 25 0 No 

Tibia 25/M Proximal tibia composite prosthesis for ES 100 80 30 Yes 

Femur (R) 28/M Rotationplasty 60 35 0 Yes 

Femur (A) 32/M Distal femur resection 45 50 0 Yes 

LLD; lower limb discrepancy; (A): anterograde nail; (R): retrograde nail; OS: osteosarcoma; ES: Ewing 

sarcoma; UBC: unicameral bone cyst; ABC: aneurysmal bone cyst; CHT: chemotherapy before 

lengthening; (*) patient 11 underwent lengthening twice; (**) residual LLD after the second lengthening. 

One patient underwent lengthening twice. Three patients were previously treated 

with contralateral epiphysiodesis (proximally to the tibia and distally to the femur in two 

cases, and distally to the femur in one). Ten patients underwent chemotherapy previously. 

3.1. Lengthening 

The average patient age at the time of surgery was 19 (range 11–32). There were 9 

men and 9 women. The average follow-up time was 29 months (range 12–59). PRECICE 2 

nail treatment was performed on 15 femurs (7 retrograde and 8 anterograde) and 3 tibias. 

The average preoperative LLD was 50 ± 20 mm. The average achieved length was 38 ± 17 

mm, while the average DI was 12 ± 4 days/cm. Lengthening details are shown in Table 1. 

All patients achieved regenerate consolidation at the end of the follow-up. Out of 18 

patients, 16 (89%) reached the targeted length (Figure 1). In two patients, the prolonged 

length discrepancy induced a progressive equine rigidity; thus, the discrepancy was not 

completely corrected. Ten patients presented residual limb length discrepancy of 7.2 mm 

on average (range 5–20 mm). 

The average consolidation time was 141 days (range 50–360) with a mean CI of 31 ± 

12 days/cm. The ASAMI bone score showed 14 (82%) excellent results, 1 (6%) good result, 

and 2 (12%) poor results. The ASAMI functional score showed 13 (76%) excellent results, 

2 (12%) good results, and 2 (12%) poor results (Table 2). 
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(a) (b) (c) 

Figure 1. (a) Illustrative case of a 12-year-old male patient treated for distal femur osteosarcoma 

with femoral diaphysis resection and massive intercalary bone graft and vascularized fibula. The 

achieved LLD was 7 cm at the end of bone growth. (b) Antero-posterior panoramic lower limb 

radiography at the end of the lengthening. (c) Antero-posterior panoramic lower limb radiography 

showing complete healing 3 months after the lengthening. Patient presented a residual LLD of 2 cm 

and valgus. 

Table 2. Evaluation of the clinical outcome according to the ASAMI classification. 

ASAMI Bone Score Number of Patients % ASAMI Functional Score Number of Patients % 

Excellent 14 82% Excellent 13 76% 

Good 1 6% Good 2 12% 

Fair 0 0% Fair 0 0% 

Poor 2 12% Poor 2 12% 

3.2. Role of Chemotherapy 

Patients treated with chemotherapy for bone cancer did not show an increase in 

distraction for consolidation time. Moreover, they presented the same risk of 

complications. No statistical difference was observed in the CI for the tibia or femur. 

Gender had no influence on consolidation time. 
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3.3. Difficulties 

A total of seven (18%) problems, one obstacle (2%), and three complications (8%) 

were encountered in our case series. 

3.4. Problems 

According to the Paley classification, we found three problems. Three patients (8%) 

presented with delayed bone healing (one tibia, two femurs) but without requiring further 

surgical treatment to foster bone healing. No delayed union was reported at the end of 

the follow-up. No cases of deep or superficial infection were observed. Four patients (10%) 

suffered knee stiffness and limping, making it necessary to slow down the distraction rate 

and intense physiotherapy. 

3.5. Obstacles 

We encountered one obstacle. One patient presented a fracture distally to the distal 

screw of the femoral nail that healed conservatively.  

3.6. Complications 

Three complications were observed. One patient presented hip endoprosthesis 

subluxation during lengthening; however, lengthening was performed as scheduled until 

the end of lengthening. 

One femur fractured proximally to the nail 36 months after the end of lengthening. 

The patient was previously treated with a proximal femur resection and reconstruction 

with a composite endoprosthesis. After the fracture, the previous reconstruction was 

removed, and a proximal femur megaprosthesis was implanted. A case of 1 cm nail 

shortening during the consolidation phase was observed (Figure 2).  

No nail integrity breakage occurred during our study period. 
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(a) (b) (c) (d) (e) 

Figure 2. (a) Antero-posterior panoramic lower limb radiography of a 15-year-old female patient 

treated for left proximal femur osteosarcoma when she was 4 years old. She underwent proximal 

femur composite endoprosthesis. The achieved LLD was 5 cm. The available space for the nail was 

only 19 cm, while the shortest one was 215 mm. We had to cut 1 cm off of the telescopic part of the 

nail to minimize the protrusion as much as possible. The patient did not mention pain during knee 

extension or flexion. (b) Antero-posterior panoramic lower limb radiography showing hip 

endoprosthesis subluxation during lengthening. Lengthening was performed as scheduled until the 

end of lengthening. (c) During the consolidation phase, the running back phenomenon was 

observed, and the nail was shortened by 1 cm. Complete bone healing was observed 6 months after 

the end of lengthening. (d) Three years after the end of lengthening, the patient experienced a 

fracture proximally to the femur and reconstruction with a composite endoprosthesis, and (e) a 

proximal femur megaprosthesis was implanted. 

4. Discussion 

Limb length discrepancy is a common outcome in patients treated for benign or 

malignant bone tumors during childhood. Patients treated for bone cancer underwent 

extensive bone resection and reconstruction with a massive bone graft or megaprosthesis 

and chemotherapy. Both elements make these patients more prone to complications. 

There are limited reports on the use of the PRECICE 2 system in patients with a history of 

bone tumors [18–21]. To the best of our knowledge, this is the largest series reporting the 

use of an intramedullary magnetic lengthening nail in cancer patients. Based on the 

assumption that the aim of intramedullary nail lengthening is to achieve leg lengthening 



Children 2023, 10, 1772 9 of 13 
 

 

with faster rehabilitation and a lower risk of complications [12,15], we consider whether 

functionality and outcomes support these concepts. 

4.1. Limitations 

We recognize several limitations in the current study. First, this is a retrospective 

analysis of a consecutive cohort of patients. Moreover, there is no control group, and the 

number of patients is limited. We acknowledge that patients were not randomized and 

that only descriptive statistical analyses were performed. The results may be biased by the 

fact that patients were selected for this procedure. In consideration of these limitations, 

conclusions from the current study can be seen only as a general trend. 

4.2. Lengthening 

We found that the targeted length was obtained in 94% of cases. These data are 

consistent with the data reported in the literature [22–26] for this device. In particular, 

Schiedel et al. [24] reported an accuracy ratio of 97% in a series of 26 implanted nails. 

Nasto et al. [23] described an accuracy ratio of 91.1% in a series of 26 patients. Comparable 

results were reported by Wagner et al. [27], who described an accuracy ratio of 97.7% in a 

series of 30 patients. Moreover, patients treated with an intramedullary magnetic nail 

have less pain after the initial postoperative period and require less intensive physical 

therapy support, thus permitting toe-touch weight bearing only a few days after surgery. 

Magnetic lengthening combines the complete control of daily lengthening with greater 

ease of use.  

We can report that all patients achieved regenerate consolidation at the end of the 

follow-up without needing bone grafting, bone marrow, or any other bone inducer to 

achieve full bone callus formation. These data are better than those of a previous study 

that used the first-generation PRECICE nail. Paley [17] reported an incidence of delayed 

union in 3 out of 65 (4.6%) patients treated with a PRECICE nail, and Kirane et al. [22] 

reported 8% delayed bone healing. 

Even though tibial lengthening presented a higher risk for nonunion or has been 

reported as requiring a longer time to consolidate [28,29], we did not find a significant 

correlation between tibial lengthening and delayed union. These data may be related to 

the low number of tibias in our cohort. 

The ASAMI bone and functional scores showed excellent results in 82% and 76% of 

the cases, respectively. Three patients suffered knee stiffness and limping at the end of 

lengthening. In all cases, the distraction rate was reduced, and an intensive physiotherapy 

program was started. All patients regained their preoperative joint range of motion and 

showed a normal gait pattern a few months after the end of lengthening. Joint stiffness is 

a common complication in limb lengthening. Previous papers reported comparable 

results in postoperative function using the intramedullary nail lengthening devices 

Fitbone® [30,31] and PRECICE nail [22]. 

A potential drawback of intramedullary lengthening is the reaming of the 

intramedullary canal. This may disturb bone formation in a distraction gap because of the 

interruption of the endosteal blood supply. The importance of endosteal blood supply 

was underlined by Ilizarov, who deemed external fixators better for bone healing [32,33]. 

Donnan [34] described an average CI of 43.6 days/cm in a series of 41 children treated (57 

procedures) with an external fixator. Intramedullary lengthening presented lower CI. 

Krieg et al. [31] described a CI of 26 days/cm in a series of eight patients treated with 

Fitbone TAA. The PRECICE 2 nail presented a lower CI compared to most devices. Nasto 

et al. [23] reported a CI of 25.1 days/cm, and we found a mean CI of 31 days/cm. We may 

surmise that the damage to the intramedullary canal does not affect the bone 

consolidation potential. On the contrary, the ability to carefully control daily lengthening 

is an important factor in obtaining a good regenerate. Kenaway et al. [35] stressed that a 

distraction rate greater than 1.5 mm/day is a predisposing factor to poor regenerate. 
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4.3. Role of Chemotherapy 

We found that patients treated with chemotherapy for malignant bone tumors did 

not show increased CI. These data, to our knowledge, have not been reported in the 

literature thus far. On the other hand, having undergone chemotherapy is not a 

contraindication for intramedullary nail lengthening.  

Patients treated for bone tumors are more prone to developing a deep infection 

secondary to the immunosuppressive effect of neoadjuvant and adjuvant chemotherapy; 

long operating times; and reconstructions like megaprostheses, massive bone grafts, or 

composite prostheses [36–38]. Pin tract infection is a very common complication 

associated with external fixation. Riganti et al. [19] reported infection in 78% of 32 patients 

with LLD treated with external fixation. Similarly, Pesenti et al. [39] described pin tract 

infection in 51.6% of cases, while Eidelman et al. [40] saw it in 45%. Even if superficial, pin 

tract infection may require antibiotics and cause a deeper infection that requires surgical 

treatment. Because it does not use external devices that penetrate the skin, an 

intramedullary nail helps minimize the risk of infection. 

4.4. Difficulties 

The absence of a standardized complication classification limits the ability to 

compare the rate of complications across studies (Table 3). The following are the 

difficulties we found according to the Paley classification [41]. 

Table 3. Complication rate in major series reported in the literature according to different methods 

of treatment. DI: Distraction Index; CI: Consolidation Index; NR: Not reported. 

 Device 
Number of 

Limbs 
DI (Days/cm) CI (Days/cm) 

Delayed 

Consolidation 

No. (%) 

Stress Fracture 

Implant-

Related 

Complication 

(%) 

Dinçyürek et al., 2012 

[30]  
FITBONE 15 12 43.7 3 (20%) 0 13.3% 

Krieg et al., 2011 [31] FITBONE 32 10.6 41.5 2 (6.25%) 0 12.5% 

Kirane et al., 2014 [22] PRECICE 24 NR NR 2 (8.3%) 0 4% 

Wagner et al., 2017 

[27] 
PRECICE 30 22.4 36.4 4 (13.3%) 0 0 

Accadbled et al., 2019 

[42] 
FITBONE 8 NR 48.4 NR 0 18% 

Nasto et al., 2020 [23] PRECICE 2 26 11.9 25.1 2 (7.69%) 1 3% 

Present Study PRECICE 2 18 12 31 3 (17.64%) 1 5% 

Joint stiffness is a common complication in limb lengthening, and we observed four 

cases of joint stiffness that resolved after distraction rate reduction and the start of intense 

physiotherapy. These data are consistent with other series [23]. However, intramedullary 

lengthening is better tolerated by patients compared to lengthening with an Ilizarov frame 

or another external fixation. 

Complications may be categorized as follows:  

 Failure of the distraction mechanism;  

 Failure of the nail’s integrity;  

 Complication related to the previous treatment for a bone tumor. 

In our cohort, we did not observe any cases of lengthening mechanism failure. These 

data are consistent with the literature. Nasto et al. [23] reported no lengthening 

mechanism failure in a series of 26 PRECICE nails, and similar findings were reported by 

Kirane et al. [22] and Lee et al. [43]. 

In patients with a history of bone resection and reconstruction for bone tumors, the 

previous treatment impacts the lengthening strategy as well as the site of nail insertion, 
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the nail size (diameter and length), the osteotomy seat, and whether the previous 

synthesis may need any changes. One patient experienced the running back (RB) 

phenomenon, hip subluxation, and a fracture proximally to the nail. RB consists of an 

acute shortening of the device and the regenerate. It may or may not be associated with 

the breakage of the rotation coupling of the nail, resulting in rotational instability. This is 

a well-known complication in PRECICE 2 nails and also affects other mechanical devices 

[23,31,43,44]. In our RB case, we observed only shortening without any rotational 

instability. The patient had previously been treated with a proximal femur composite 

endoprosthesis when she was 6 years old. Lengthening was performed 8 years later, and 

subluxation was expected from the beginning of lengthening. Acetabulum resurfacing 

was planned and performed 1 year after the end of lengthening. These data are consistent 

with previous studies. Wagner et al. [27] described 1 out of 32 patients, and Szymczuk et 

al. [45] described 2 cases in a series of 30 nails; other studies include [17,23,46].  

The same patient experienced a fracture between the nail and the previous 

reconstruction. To perform intramedullary lengthening, we decided to remove the screws 

and shorten the plate in hopes of avoiding any mechanical interference during nail 

insertion. A retrograde femoral nail was used, the osteotomy was performed distally to 

the femur, and the nail was proximally fixed in the allograft. Plate shortening had 

increased the stress in the transition area between the nail and the previous 

reconstruction, leading to the fracture. Shortening hardware provides limited benefits. In 

patients with a comparable reconstruction, lengthening was successfully performed 

without plate shortening. In other words, the surgeon must preserve the first 

reconstruction as much as possible and avoid a stress riser by leaving unprotected bone. 

To the best of our knowledge, this has never been addressed in the literature thus far. 

5. Conclusions 

Our data show that the PRECICE 2 nail system (1) allows effective and accurate 

lengthening preserving the range of motion in patients treated for bone tumors. (2) Even 

if intramedullary nail lengthening is not completely without complications, the risk of 

complications is lower than that with other devices. The opportunity to start intense 

physiotherapy earlier should prevent permanent joint stiffness. On the other hand, the 

overall risk of complications using the PRECICE 2 nail appears to be lower than that with 

other devices, while the likelihood of a good outcome is higher. (3) Having undergone 

chemotherapy for a bone tumor does not increase consolidation time or distraction time. 

(4) The initial synthesis must be preserved as much as possible to avoid a stress riser by 

leaving unprotected bone. 

Author Contributions: Study conception and design: L.C. (Laura Campanacci); acquisition of data: 

E.S., G.L.D.G., L.C. (Laura Campanacci), B.D., and F.Z.; analysis and interpretation of data: L.C. 

(Luca Cevolani) and M.F.; drafting of manuscript: L.C. (Luca Cevolani); critical revision: M.M., G.B., 

L.C. (Laura Campanacci), and D.M.D. All authors have read and agreed to the published version of 

the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declaration 

of Helsinki and approved by the Local Ethics Committee (10/2014/Oss/IOR; 27 June 2014). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author. The data are not publicly available due to privacy restrictions. 

Acknowledgments: We thank Nadia Lalli and Debora Celere for editorial and linguistic assistance 

and for their support and guidance with the preparation of this manuscript. 

Conflicts of Interest: The authors declare no conflict of interest. 



Children 2023, 10, 1772 12 of 13 
 

 

References 

1. Gulabi, D.; Erdem, M.; Bulut, G.; Avci, C.C.; Asci, M. Ipsilateral Distal Femoral and Proximal Tibial Epiphyseal Growth Plate 

Injury: A Case Report. J. Med. Case Rep. 2013, 7, 146. https://doi.org/10.1186/1752-1947-7-146. 

2. Dorfman, H.D.; Czerniak, B. Bone Cancers. Cancer 1995, 75, 203–210. https://doi.org/10.1002/1097-0142(19950101)75:1+<203::aid-

cncr2820751308>3.0.co;2-v. 

3. Lewis, V.O. Limb Salvage in the Skeletally Immature Patient. Curr. Oncol. Rep. 2005, 7, 285–292. https://doi.org/10.1007/s11912-

005-0052-7. 

4. Manfrini, M.; Donati, D.; Colangeli, M.; Campanacci, L. Resurfaced Allograft-Prosthetic Composite for Proximal Tibial 

Reconstruction in Children. JBJS Essent Surg. Tech 2016, 6, e4. https://doi.org/10.2106/JBJS.ST.15.00010. 

5. Groundland, J.S.; Ambler, S.B.; Houskamp, L.D.J.; Orriola, J.J.; Binitie, O.T.; Letson, G.D. Surgical and Functional Outcomes 

after Limb-Preservation Surgery for Tumor in Pediatric Patients: A Systematic Review. JBJS Rev. 2016, 4, e2. 

https://doi.org/10.2106/JBJS.RVW.O.00013. 

6. Simpson, A.H.; Cole, A.S.; Kenwright, J. Leg Lengthening over an Intramedullary Nail. J. Bone Jt. Surg. Br. Volume 1999, 81B, 

1041–1045. https://doi.org/10.1302/0301-620x.81b6.9359. 

7. Raschke, M.J.; Mann, J.W.; Oedekoven, G.; Claudi, B.F. Segmental Transport after Unreamed Intramedullary Nailing. 

Preliminary Report of a “Monorail” System. Clin. Orthop. Relat. Res. 1992, 282, 233–240. 

8. Simpson, A.H.; Kenwright, J. Fracture after Distraction Osteogenesis. J. Bone Jt. Surg. Br. Volume 2000, 82B, 659–665. 

https://doi.org/10.1302/0301-620x.82b5.9945. 

9. Herzenberg, J.E.; Scheufele, L.L.; Paley, D.; Bechtel, R.; Tepper, S. Knee Range of Motion in Isolated Femoral Lengthening. Clin. 

Orthop. Relat. Res. 1994, 301, 49–54. 

10. Richard, H.M.; Nguyen, D.C.; Birch, J.G.; Roland, S.D.; Samchukov, M.K.; Cherkashin, A.M. Clinical Implications of 

Psychosocial Factors on Pediatric External Fixation Treatment and Recommendations. Clin. Orthop. Relat. Res. 2015, 473, 3154–

3162. https://doi.org/10.1007/s11999-015-4276-z. 

11. Wang, K.; Edwards, E. Intramedullary Skeletal Kinetic Distractor in the Treatment of Leg Length Discrepancy—A Review of 16 

Cases and Analysis of Complications. J. Orthop. Trauma 2012, 26, e138–e144. https://doi.org/10.1097/BOT.0b013e318238b5b1. 

12. Cole, J.D.; Justin, D.; Kasparis, T.; DeVlught, D.; Knobloch, C. The Intramedullary Skeletal Kinetic Distractor (ISKD): First 

Clinical Results of a New Intramedullary Nail for Lengthening of the Femur and Tibia. Injury 2001, 32 (Suppl. 4), SD129–SD139. 

https://doi.org/10.1016/s0020-1383(01)00116-4. 

13. Singh, S.; Lahiri, A.; Iqbal, M. The Results of Limb Lengthening by Callus Distraction Using an Extending Intramedullary Nail 

(Fitbone) in Non-Traumatic Disorders. J. Bone Jt. Surg. Br. Volume 2006, 88B, 938–942. https://doi.org/10.1302/0301-

620X.88B7.17618. 

14. Baumgart, R.; Betz, A.; Schweiberer, L. A Fully Implantable Motorized Intramedullary Nail for Limb Lengthening and Bone 

Transport. Clin. Orthop. Relat. Res. 1997, 343, 135–143. 

15. Guichet, J.-M.; Deromedis, B.; Donnan, L.T.; Peretti, G.; Lascombes, P.; Bado, F. Gradual Femoral Lengthening with the Albizzia 

Intramedullary Nail. J. Bone Jt. Surg. Am. 2003, 85, 838–848. https://doi.org/10.2106/00004623-200305000-00011. 

16. Paley, D. Problems, Obstacles, and Complications of Limb Lengthening by the Ilizarov Technique. Clin. Orthop. Relat. Res. 1990, 

250, 81–104. 

17. Paley, D. PRECICE Intramedullary Limb Lengthening System. Expert Rev. Med. Devices 2015, 12, 231–249. 

https://doi.org/10.1586/17434440.2015.1005604. 

18. Muratori, F.; Scoccianti, G.; Beltrami, G.; Matera, D.; Capanna, R.; Campanacci, D.A. Is an Intramedullary Nail a Valid Treatment 

for Limb-Length Discrepancy after Bone Tumor Resection? Case Descriptions. Surg. Technol. Int. 2018, 33, 281–288. 

19. Riganti, S.; Nasto, L.A.; Mannino, S.; Marrè Brunenghi, G.; Boero, S. Correction of Complex Lower Limb Angular Deformities 

with or without Length Discrepancy in Children Using the TL-HEX Hexapod System: Comparison of Clinical and 

Radiographical Results. J. Pediatr. Orthop. B 2019, 28, 214–220. https://doi.org/10.1097/BPB.0000000000000573. 

20. Merchan, N.; Narvel, R.I.; Gitajn, I.L.; Henderson, E.R. Use of the PRECICE Nail for Distraction Osteogenesis after Tumor 

Resection. Expert Rev. Med. Devices 2022, 19, 469–475. https://doi.org/10.1080/17434440.2022.2108704. 

21. Abdel-Ghani, H.; Ebeid, W.; El-Barbary, H. Management of Combined Nonunion and Limb-Length Discrepancy after 

Vascularised Fibular Grafting. J. Bone Jt. Surg. Br. Vol. 2010, 92-B, 267–272. https://doi.org/10.1302/0301-620X.92B2.22758. 

22. Kirane, Y.M.; Fragomen, A.T.; Rozbruch, S.R. Precision of the PRECICE® Internal Bone Lengthening Nail. Clin. Orthop. Relat. 

Res. 2014, 472, 3869–3878. https://doi.org/10.1007/s11999-014-3575-0. 

23. Nasto, L.A.; Coppa, V.; Riganti, S.; Ruzzini, L.; Manfrini, M.; Campanacci, L.; Palmacci, O.; Boero, S. Clinical Results and 

Complication Rates of Lower Limb Lengthening in Paediatric Patients Using the PRECICE 2 Intramedullary Magnetic Nail: A 

Multicentre Study. J. Pediatr. Orthop. B 2019, 29, 611–617. https://doi.org/10.1097/BPB.0000000000000651. 

24. Schiedel, F.M.; Vogt, B.; Tretow, H.L.; Schuhknecht, B.; Gosheger, G.; Horter, M.J.; Rödl, R. How Precise Is the PRECICE 

Compared to the ISKD in Intramedullary Limb Lengthening? Acta Orthop. 2014, 85, 293–298. 

https://doi.org/10.3109/17453674.2014.913955. 

25. Cosic, F.; Edwards, E. PRECICE Intramedullary Nail in the Treatment of Adult Leg Length Discrepancy. Injury 2020, 51, 1091–

1096. https://doi.org/10.1016/j.injury.2020.03.004. 



Children 2023, 10, 1772 13 of 13 
 

 

26. Hammouda, A.I.; Jauregui, J.J.; Gesheff, M.G.; Standard, S.C.; Conway, J.D.; Herzenberg, J.E. Treatment of Post-Traumatic 

Femoral Discrepancy with PRECICE Magnetic-Powered Intramedullary Lengthening Nails. J. Orthop. Trauma 2017, 31, 369–374. 

https://doi.org/10.1097/BOT.0000000000000828. 

27. Wagner, P.; Burghardt, R.D.; Green, S.A.; Specht, S.C.; Standard, S.C.; Herzenberg, J.E. PRECICE® Magnetically-Driven, 

Telescopic, Intramedullary Lengthening Nail: Pre-Clinical Testing and First 30 Patients. SICOT J. 2017, 3, 19. 

https://doi.org/10.1051/sicotj/2016048. 

28. Price, C.T.; Mann, J.W. Experience with the Orthofix Device for Limb Lengthening. Orthop. Clin. N. Am. 1991, 22, 651–661. 

29. Bonnard, C.; Favard, L.; Sollogoub, I.; Glorion, B. Limb Lengthening in Children Using the Ilizarov Method. Clin. Orthop. Relat. 

Res. 1993, 293, 83–88. 

30. Dinçyürek, H.; Kocaoğlu, M.; Eralp, I.L.; Bilen, F.E.; Dikmen, G.; Eren, I. Functional Results of Lower Extremity Lengthening by 

Motorized Intramedullary Nails. Acta Orthop. Traumatol. Turc. 2012, 46, 42–49. https://doi.org/10.3944/aott.2012.2671. 

31. Krieg, A.H.; Lenze, U.; Speth, B.M.; Hasler, C.C. Intramedullary Leg Lengthening with a Motorized Nail. Acta Orthop. 2011, 82, 

344–350. https://doi.org/10.3109/17453674.2011.584209. 

32. Ilizarov, G.A. The Tension-Stress Effect on the Genesis and Growth of Tissues: Part II. The Influence of the Rate and Frequency 

of Distraction. Clin. Orthop. Relat. Res. 1989, 238, 263–285. 

33. Ilizarov, G.A. Clinical Application of the Tension-Stress Effect for Limb Lengthening. Clin. Orthop. Relat. Res. 1990, 250, 8–26. 

34. Donnan, L.T.; Saleh, M.; Rigby, A.S. Acute Correction of Lower Limb Deformity and Simultaneous Lengthening with a 

Monolateral Fixator. J. Bone Jt. Surg. Br. Volume 2003, 85B, 254–260. https://doi.org/10.1302/0301-620x.85b2.12645. 

35. Kenawey, M.; Krettek, C.; Liodakis, E.; Meller, R.; Hankemeier, S. Insufficient Bone Regenerate after Intramedullary Femoral 

Lengthening: Risk Factors and Classification System. Clin. Orthop. Relat. Res. 2011, 469, 264–273. https://doi.org/10.1007/s11999-

010-1332-6. 

36. Laffosse, J.-M.; Accadbled, F.; Abid, A.; Kany, J.; Darodes, P.; Sales De Gauzy, J. Reconstruction of long bone defects with a 

vascularized fibular graft after tumor resection in children and adolescents: Thirteen cases with 50-month follow-up. Rev. Chir. 

Orthop. Reparatrice Appar. Mot. 2007, 93, 555–563. https://doi.org/10.1016/s0035-1040(07)92677-x. 

37. Dick, H.M.; Strauch, R.J. Infection of Massive Bone Allografts. Clin. Orthop. Relat. Res. 1994, 306, 46–53. 

38. Mankin, H.J.; Hornicek, F.J.; Raskin, K.A. Infection in Massive Bone Allografts. Clin. Orthop. Relat. Res. 2005, 432, 210–216. 

https://doi.org/10.1097/01.blo.0000150371.77314.52. 

39. Pesenti, S.; Iobst, C.A.; Launay, F. Evaluation of the External Fixator TrueLok Hexapod System for Tibial Deformity Correction 

in Children. Orthop. Traumatol. Surg. Res. 2017, 103, 761–764. https://doi.org/10.1016/j.otsr.2017.03.015. 

40. Eidelman, M.; Bialik, V.; Katzman, A. Correction of Deformities in Children Using the Taylor Spatial Frame. J. Pediatr. Orthop. 

B 2006, 15, 387–395. https://doi.org/10.1097/01.bpb.0000228380.27239.8a. 

41. Paley, D.; Catagni, M.A.; Argnani, F.; Villa, A.; Benedetti, G.B.; Cattaneo, R. Ilizarov Treatment of Tibial Nonunions with Bone 

Loss. Clin. Orthop. Relat. Res. 1989, 241, 146–165. 

42. Accadbled, F.; Thévenin Lemoine, C.; Poinsot, E.; Baron Trocellier, T.; Dauzere, F.; Sales de Gauzy, J. Bone Reconstruction after 

Malignant Tumour Resection Using a Motorized Lengthening Intramedullary Nail in Adolescents: Preliminary Results. J. Child. 

Orthop. 2019, 13, 324–329. https://doi.org/10.1302/1863-2548.13.190016. 

43. Lee, D.H.; Kim, S.; Lee, J.W.; Park, H.; Kim, T.Y.; Kim, H.W. A Comparison of the Device-Related Complications of 

Intramedullary Lengthening Nails Using a New Classification System. BioMed Res. Int. 2017, 2017, 8032510. 

https://doi.org/10.1155/2017/8032510. 

44. Lee, D.H.; Ryu, K.J.; Song, H.R.; Han, S.-H. Complications of the Intramedullary Skeletal Kinetic Distractor (ISKD) in Distraction 

Osteogenesis. Clin. Orthop. Relat. Res. 2014, 472, 3852–3859. https://doi.org/10.1007/s11999-014-3547-4. 

45. Szymczuk, V.L.; Hammouda, A.I.; Gesheff, M.G.; Standard, S.C.; Herzenberg, J.E. Lengthening with Monolateral External 

Fixation versus Magnetically Motorized Intramedullary Nail in Congenital Femoral Deficiency. J. Pediatr. Orthop. 2019, 39, 458–

465. https://doi.org/10.1097/BPO.0000000000001047. 

46. Shabtai, L.; Specht, S.C.; Standard, S.C.; Herzenberg, J.E. Internal Lengthening Device for Congenital Femoral Deficiency and 

Fibular Hemimelia. Clin. Orthop. Relat. Res. 2014, 472, 3860–3868. https://doi.org/10.1007/s11999-014-3572-3. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


