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Guided growth is part of the surgical armamentarium for limb-length discrepancy or axial deformity. It is an old concept, with several apparently conflicting techniques that are in fact usually complementary. Depending on whether the aim is to slow or arrest growth, to treat length discrepancy or axial deviation, techniques differ and the choice is partly determined by the indication. It is thus essential to know the technical details for each: temporary or definitive, complete or asymmetric, with or without implant. Considerations of fashion and personal habits may outweigh basic principles, and it is important to go back to the princeps descriptions: the Phemister, Bowen, Blount, Métaizeau and Stevens techniques and others all have their surgical specificities.

Apart from surgery itself, he indication and choice of technique depend on the patient's age and whether the abnormality to be treated is isolated or part of a wider syndrome, all of this being included in a precise strategy based on planning calculations that are indispensable ahead of any surgery. Guided growth can also be implemented elsewhere than in the limbs: wrist, ankle, or even hip; and it is beginning to be possible to correct sagittal and rotational deformities. All of this is furthermore achievable using emerging techniques that are less invasive, are reversible, and show equal efficacy.

1-Introduction

Derived from the Greek "phusis" (φυσισ), meaning growth, nature or birth, the "physis" is another term for the cartilage growth plate between the metaphysis and epiphysis. There are usually two growth plates in each long bone, enabling longitudinal growth.

Although "epiphysiodesis" is the accepted term, it would be more appropriate semantically to speak of "physiodesis" for a surgical procedure to block or slow growth in a bone segment.

Even worse, the adjective "temporary" can hardly be applied to a "…desis", which is by definition a definitive fusion. "Definitive physiodesis" is thus a pleonasm, and "temporary physiodesis" a contradiction in terms.

In 1995, Karger reviewed the history of temporary and definitive techniques. In 1933, Phemister first described blocking growth by a 180° rotation of a metaphyseal-physeal-epiphyseal bone block straddling the growth plate in the lateromedial region. In 1949, Blount described "temporary epiphysiodesis" with staples across the growth plate, which was left intact, making the procedure theoretically reversible after removal of the staples [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF] .

The two forms of controlling growth were thus born, and subsequent decades were devoted to refining techniques and improving surgical equipment, for both temporary and definitive techniques, to correct either length discrepancy or axial deviation, which should now be called "guided growth".

Before undertaking guided growth, the first step is to determine the desired gain in angle or length; these planning calculations are indispensable. Plate growth potential is known (70-75% for the distal femur, and 55-60% for the proximal tibia), but the difficulty is to determine the residual potential according to age. Prior analysis of bone age is essential, using the Greulich-Pyle atlas for the wrist, and the Sauvegrain-Nahum method for the elbow. There are, however, many other possibilities and, as Bronfen recommends [START_REF] Bronfen | inégalités de longueur des membres inférieurs chez l'enfant et l'adolescent Conférences d'enseignement[END_REF] , it is wise and useful to use two in a given patient, to minimize risk of error. Green-Anderson curves provide residual growth according to age, and computer applications such as the Paley Growth Predictions® optimize prognosis, taking account of the real length of the segment to be treated [START_REF] Paley | Principles of deformity correction 1st[END_REF] .

What is certain is that guided growth is mostly implemented around the knee. There are, however, other indications, in the wrist and ankle, especially in certain constitutional bone (exostosis) or metabolic diseases (certain forms of rickets, mucopolysaccharidosis, etc.) involving multiple segmental deformity in which guided growth is widely used (Figure 1).

The main questions to be addressed in indicating guided growth are:

1/ What are the key-points of the various surgical options, depending on whether it is axial deviation or length discrepancy that is to be corrected, and what are the pros and cons of each? 

2-Definitive arrest

These techniques all destroy or transfix the growth plate, although possible reversibility is reported for transphyseal screwing. [1] This is an open procedure, with the advantage of not involving any implanted material that would require subsequent removal. It can be applied in all bone segments. On an epiphyseal-metaphyseal approach, a bone block is harvested straddling the growth plate on the lateral and medial sides of the femur and/or tibia. The recommended size is 30mm long (20mm on the metaphyseal and 10mm on the epiphyseal side), 10mm thick and 15mm wide, top take account of the morphology of the bone extremities in adolescents. It is then turned through 180° on the craniocaudal axis and impacted in the space created by curettage of the visible plate from front to back for a depth of 20mm on either side. The periosteum is then sutured and the knee immobilized in a removable splint; weightbearing is authorized (Figure 2).

2-1 Phemister technique

Technical key-points comprise:

-The periosteum and perichondrial ring are opened to visualize the growth plate, center the bone peg and carefully suture the periosteal sleeve to keep the embedded fragment in place.

-At the proximal and lateral tibia, an oblique skin incision should be made downward and forward, from the fibular head to Gerdy's tubercle, so as to simultaneously approach the proximal fibula and the tibia, while safeguarding the common peroneal nerve.

-Simple curettage is applied to the fibular growth plate.

-Creating a quadrangular bone fragment is a delicate procedure, with a risk of fracturing the pin during extraction. Not many instruments allow sufficient depth for the block to be detached, but a small (10mm) curved chisel can help.

The growth plate fuses in about 3 months, as in the other techniques. There is, however, greater morbidity (hematoma, scarring), longer hospital stay and a need for postoperative rehabilitation [START_REF] Alzahrani | Percutaneous versus open epiphysiodesis[END_REF] . On the other hand, there is no material to remove.

2-2 Percutaneous growth-plate curettage

In 1984, Bowen [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF] introduced percutaneous destruction of the growth plate, with subsequent modifications and additions over the last 30 years, although the principle and philosophy remain unchanged.

The concept is based on destroying the growth plate using a tool introduced under radioscopic control on the medial and lateral sides.

In Bowen's original technique, a 3mm incision is made in the anteroposterior center of the growth plate, and a very thin bone chisel is used to begin making a hole. Then a curette is run over the cartilage from front to back, taking care to conserve the midthird to avoid creating a "fish-tail" deformity (Figure 3). Thus, the lateral and medial sides are treated and checked by contrast medium injection in the curettage orifice. The knee is immobilized in a removable splint for 3-4 weeks, with weight-bearing authorized.

A variety of instruments have been used for curettage: 4mm cannulated bit on a K-wire followed by reaming (Canale); 10mm tubular saw to extract and reposition a cylindric graft after curettage (Macnicol); or simple 4.5mm bit [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF][START_REF] Atar | A simplified method for percutaneous epiphysiodesis[END_REF] . None of these authors mention respecting the mid-third of the plate, and on the contrary recommend a depth of 6cm.

Using a single approach has also been described, but is strongly advised against, as shown by Edmonds [START_REF] Edmonds | Percutaneous epiphysiodesis of the lower extremity: a comparison of single-versus double-portal techniques[END_REF] : the minor complications rates were identical in his 2 groups, mainly comprising hematoma and joint effusion, but the major complications rate was 4 times greater in the single-approach group. The 4 major complications were those usually reported with this technique: partial or asymmetric inefficacy causing angular deformity, fracture of the growth plate, growth plate injury, and joint injury. Thus, despite the enthusiasm of many authors reporting very low rates of complications if any with the percutaneous technique in the oldest series [START_REF] Atar | A simplified method for percutaneous epiphysiodesis[END_REF][START_REF] Horton | Epiphysiodesis of the lower extremity: results of the percutaneous technique[END_REF] , more recent analyses reported that lengthening is sometimes insufficient, or partial laterally, leading to angular deviation, not to mention hematoma and joint effusion, which are always counted as minor complications [START_REF] Surdam | Leg length inequality and epiphysiodesis: review of 96 cases[END_REF][START_REF] Inan | Efficacy and safety of percutaneous epiphysiodesis[END_REF] . Craviari reported only 48% excellent results, with 10 out of 60 children requiring revision surgery for inefficacy [START_REF] Craviari | Percutaneous epiphysiodesis. Analysis of a series of 60 full-grown patients[END_REF] . These results bear witness to a certain technical difficulty, despite the apparent simplicity of the procedure.

The main points regarding percutaneous curettage are:

-Minimal scar, whatever instrument is used.

-No subsequent operation, as in the Phemister technique.

-No particular instrument has shown superiority, whether in terms of safety or efficacy: curette, reamer or drill are equally used; but motorized instruments entail greater cutaneous problems.

-The complications rate is high, whether minor and non-specific (hematoma, effusion) or directly implicating the technique (skin burning) or major (partial or total inefficacy, or fracture).

-Operative time is much the same as with other methods.

-A double approach is essential for definitive arrest procedures.

-The exact area to be treated, whether a central bridge is to be conserved, early postoperative radiologic check-up before parasitic deviation can set in, and time to action are all issues remaining to be resolved.

2-3 Percutaneous metaphyseal-epiphyseal screwing

This technique was described by Métaizeau in 1998 [START_REF] Metaizeau | Percutaneous Epiphysiodesis Using Transphyseal Screws (PETS)[END_REF] , and consists in inserting two crossed 6 or 7mm screws via the metaphysis, through the growth plate so as to slow then progressively stop growth. It can be applied in the proximal tibia and distal femur, and was advocated by its originator for both length discrepancy and axial deviation, and was claimed to be reversible in the latter indication. This is a fundamental point, as the technique has been accused of relative inefficacy compared to others, and to curettage in particular [START_REF] Babu | Epiphysiodesis for limb length discrepancy: a comparison of two methods[END_REF] . Actually, Métaizeau stressed two points: that growth arrest shows 6 months' latency, and that efficacy is progressive, peaking at 1 year. Ilharreborde likewise reported a 6-month delay in action in the most recent series [START_REF] Ilharreborde | Efficacy and late complications of percutaneous epiphysiodesis with transphyseal screws[END_REF] , which is critical for planning. It may also explain reversibility, at least if the screws are not kept in place too long, although the optimal time has not been clearly determined (2 years?); according to Métaizeau, the arrest is reversible until the growth plate finally closes, if no curettage or tapping has been used.

In the original technique, the distal femoral growth plate is blocked under radioscopic control by first inserting the lateral screw obliquely toward the medial condyle, finally positioning it at the junction of the middle and medial thirds of the growth plate, slightly posteriorly. The second screw is inserted via the medial metaphysis, slightly forward of the first (Figure 4). The author recommends a screw with long partial threading; if threading is short, a washer is needed to enhance compression. Alternatively, the screws may be positioned as vertically as possible so as not to cross, but this vertical positioning is often limited by soft tissue thickness; although technically trickier, this vertical positioning increases growth arrest power according to its promoter. Tibial screwing follows the same principle, with screws either crossed or as vertical as possible, with the same reservations as for the femoral screws. The lateral screw is positioned first, with entry just below the tibial crest, to avoid damaging the anterior compartment muscles. It is pointed slightly posteriorly and should meet the junction between the middle and medial thirds of the growth plate. The medial screw is introduced forward of and with entry and tip symmetrical to those of the lateral screw.

There remains the question of proximal fibular physiodesis: Métaizeau recommends performing this at the same time as the tibial step if >20mm length correction is sought. A short approach is performed to locate the common peroneal nerve, with the possibility of curettage and craniocaudal screwing. If the proximal fibular growth plate is not treated, there may be ascension or lateral dislocation of the fibular head (Figure 5). In ≤20mm tibial length correction, blocking may not be necessary, simplifying the procedure.

The complications associated with this technique are as follows.

Under-correction of length discrepancy is frequent [START_REF] Babu | Epiphysiodesis for limb length discrepancy: a comparison of two methods[END_REF][START_REF] Ilharreborde | Efficacy and late complications of percutaneous epiphysiodesis with transphyseal screws[END_REF] . However, growth arrest is progressive and thus delayed, which can be taken into account in planning. Song et al. go further, performing the procedure 1 year earlier than calculated [START_REF] Song | Percutaneous epiphysiodesis using transphyseal screws in the management of leg length discrepancy: optimal operation timing and techniques to avoid complications[END_REF] ; they also stress the importance of screw characteristics and technical details: steel screws with complete threading, of at least 6mm diameter, with at least 4 turns in the epiphysis, with ideal introduction angle to optimize braking -like Métaizeau, who recommended as vertical an angle as possible.

Normandin et al. observed progressive screw curvature, but with 4mm screws, which seems far too thin, and concluded that thread morphology and length were determining factors for efficacy [START_REF] Normandin | Epiphysiodesis Screw Bending[END_REF] .

The other frequent complications are soft-tissue hematoma at the insertion point, transient hemarthrosis, which may correspond to joint entry, difficulties in removing material, and sometimes discomfort caused by screw-head protrusion.

Thus, the essential technical points in screw-guided growth are as follows.

-An interval of at least 6 months after the theoretic date must be taken into account in arresting growth.

-A guide should be used for drilling, to avoid softtissue trauma.

-The insertion angle should be as vertical as possible.

-The screw should be threaded at the junction between the middle and medial (or lateral) thirds of the growth plate.

-On lateral view, one screw is directed backward and the other forward.

-Minimum diameter is 6mm, but 6.5 or 7mm diameters may well be used, in steel with complete threading to maximal depth.

-Ideally, at least 4 turns should be made in the epiphysis.

-Removal of material is facilitated by large screwheads, resting on but not penetrating the cortical bone.

3-Temporary growth slowing

The principle of temporary guided growth lies in respecting all components of the growth plate, the vascular environment supported by the perichondral ring and the adjacent periosteum. Likewise, the material should not directly damage the growth plate, even though percutaneous screwing has been shown to be reversible. Temporary guided growth thus consists in compression on either side of the growth plate by means of a dedicated implant, without direct damage to the plate.

3-1 Periphyseal stapling

So-called "epiphyseal stapling" was first described by Blount in 1949, and actually consists in stapling across the growth plate, with anchorage in the metaphysis and epiphysis [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF] . As in curettage and screwing, intraoperative radioscopic control is necessary. Stapling is based on circumferential blockage of the growth plate: assimilating the distal end of the femur or proximal end of the tibia to a circle or ellipse, 6 staples (or just 4 sometimes for the tibia, depending on the size of the child) are needed to achieve harmonious growth blocking all around the bone (Figure 6). A 4-5 cm approach is performed on the lateral and medial sides of the bone. In the femur, forward and backward release has to be sufficient for the staples to be positioned: lateral median and medial staples are impacted first, in the middle of the anteroposterior plane, then more posterior staples are positioned with the knee in flexion, whereas anterior positioning is with the knee in extension.

For the tibia, it may be necessary to release the pes anserinus tendons so as to pass beneath them for stapling, although Karger also described a means of stapling through the tendons [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF] . Laterally, the most posterior staple is implanted against the fibular head; while medially, the most posterior staple is just forward of the medial collateral ligament. As posterior positioning is not easy, the tibial incisions should be oblique, upward and backward, to facilitate partial release of the lateral compartment muscles for lateral positioning of the most posterior staple and visualization of the collateral ligament medially.

Positioning is precise: the 3 lateral and medial staples are distributed equally around each semicircle of the circumference, converging toward the center of the bone, and perpendicular to the horizontal axis of the growth plate, equidistantly in the epiphysis and metaphysis. Positioning is strictly extra-periosteal, to conserve the peripheral vascularization of the growth plate.

The main difficulties with this technique, which was nevertheless the reference procedure for almost 5 decades, concern the material. Expulsion is reported to be frequent, including by Blount himself in the 1971 series [START_REF] Karger | Les épiphysiodèses chirurgicales Techniques, indications et résultats[END_REF] , perhaps due to the extra-periosteal positioning (nevertheless indispensable) and the smoothness of the staples. Moreover, the arms of the staples are conical and, once the staples becomes detached from the bone, the stress pattern and changes to the bone act to expel the staple like a cork coming out of a bottle.

The rigidity of the staple has been incriminated in fracture at the junction of the staple arm and body during growth, and is probably also the reason why the procedure is not, or not reliably, reversible if the staples are left in place too long, inducing undue compression on the growth plate.

The fundamental points of this technique are as follows.

-Blocking is theoretically harmonious, as the staples are distributed evenly all around the growth plate, or unilaterally for angular correction.

-The procedure is at least theoretically reversible, as the growth plate is not destroyed.

-The staple tips should be serrated, unlike the conventional Blount staple, to reduce the risk of expulsion.

-Staples should not be left for more than 2 years if reversibility is sought.

-Scarring is non-negligible, as in the Phemister technique.

3-2 Periphyseal compression screw plates

In a significant advance on Blount's principle, in the light of observed complications, Stevens developed a screw plate bridging the growth plate, which he claimed to be applicable in both axial deviation and length discrepancy: the Eight Plate ® (Orthofix) [START_REF] Stevens | Guided growth for angular correction. A preliminary series using a tension band plate[END_REF] . The novelties are three-fold: screwed bone anchorage ensuring solidity; 20° screw mobility inside the plate, avoiding direct growth plate compression and irreversible lesions (Figure 7); and use of a single plate centered sagittally on the growth plate, as two plates side by side provide no extra biomechanical benefit according to Stevens [START_REF] Stevens | Guided growth for angular correction. A preliminary series using a tension band plate[END_REF] . Other authors, however, reported the contrary [START_REF] Guzman | Early experience with medial femoral tension band plating in idiopathic genu valgum[END_REF] , leading to the development of the 4-screw Quad plate ® (Orthofix). Subsequently, other similar implants, such as hinged plates, have been introduced, based on the same concept of growth plate tension. The operative technique resembles stapling. The skin incision is centered on the growth plate. There should be no dissection or damage to the perichondral ring, to avoid any vascular damage to the growth plate. Under radioscopic control, implant centering is facilitated by a hole through which a smooth pin is introduced into the growth plate (Figure 8), manually rather than using a motor, so as to be able to feel the cartilage consistency of the growth plate. Centering is essential: frontally, the pin should match the particular morphology, especially of the femoral growth plate, so that the implant plate is positioned perpendicularly; the pin is therefore slightly oblique. Laterally, the plate is strictly equidistant to the anterior and posterior edges of the growth cartilage; at the tibia, the plates should therefore be posterior to the mechanical axis (Figure 9). These anatomic requirements call for large skin incisions and release and, as in stapling, the tibial incisions are slightly oblique upward and backward. Once the centering pin has been positioned, the plate in slid onto it and applied to the perichondral ring, then the screws are introduced, after partial drilling, parallel to the growth plate and perpendicular to the implant plate, with screw length adapted to the growth plate, sufficiently long, but not more than half the growth plate width.

Several complications emerged, allowing positioning technique to be refined, material to be improved and indications to be better specified.

Subcutaneous hematoma may implicate cannulated screws; noncannulated screws now exist, and seem to improve postoperative course. Material fracture has been reported at the junction between screw and plate when the angle between the two is maximal; the plate then has to be changed and the screws repositioned. Plate migration implicates defective follow-up, or defective technique if the plate is shifted toward the metaphyseal side (Figure 10).

Several reports of such complications [START_REF] Gaumétou | Poor Efficiency of Eight-Plates in the Treatment of Lower Limb Discrepancy[END_REF][START_REF] Shabtai | Limits of Growth Modulation Using Tension Band Plates in the Lower Extremities[END_REF][START_REF] Leveille | Rebound Deformity After Growth Modulation in Patients With Coronal Plane Angular Deformities About the Knee: Who Gets It and How Much?[END_REF] have refined indications in idiopathic or secondary deformity [START_REF] Popkov | Guided growth for valgus deformity correction of knees in a girl with osteopetrosis: a case report[END_REF][START_REF] Boero | Use of the eight-Plate for angular correction of knee deformities due to idiopathic and pathologic physis: initiating treatment according to etiology[END_REF][START_REF] Yilmaz | Correction of lower extremity angular deformities in skeletal dysplasia with hemiepiphysiodesis: a preliminary report[END_REF] , stressing the importance of plate positioning [START_REF] Danino | Guided growth: preliminary results of a multinational study of 967 physes in 537 patients[END_REF] ; the following points are essential for good use of these implants:

-The implant should be positioned in the center of the growth plate, both frontally and laterally.

-Two-screw plates should not be used during the puberty growth spurt, but reserved to infancy or before 10 years of age.

-Four-screw plates should be used during the puberty growth spurt [START_REF] Guzman | Early experience with medial femoral tension band plating in idiopathic genu valgum[END_REF] , as of 10-11 years for girls and 12-13 years for boys.

-Caution is called for in using plates for definitive length discrepancy treatment, as they induce unpredictable partial growth slowing; on the other hand, they are thus useful for slowing growth.

-The indication of choice for periphyseal screw plates is axial deviation, at whatever age, including under-5 yearolds, although with caution due to the small size of the epiphysis.

-Rebound, with recurrence of deformity after material removal, in widespread in case of residual growth potential; overcorrection is recommended when residual growth exceeds 1 year [START_REF] Leveille | Rebound Deformity After Growth Modulation in Patients With Coronal Plane Angular Deformities About the Knee: Who Gets It and How Much?[END_REF] .

-Action delay needs to be taken into account in procedures close to the end of the growth phase, as it is longer than with transphyseal screwing.

-Deformity related to constitutional or metabolic pathology is an indication of choice for periphyseal screw plates, even in very young children; correction is, however, slower.

-Regular clinical and radiological follow-up every 6 months is indispensable.

IV-Strategies and indications for guided growth

All pathologies can be treated: congenital abnormality of the limbs, constitutional bone disease, or secondary metabolic, postinfection or traumatic conditions. Limb-length discrepancy was the original indication, blocking 1 or both growth plates. The resulting correction is consensual: 5-6 cm length gain seems to be the maximum, taking account of height at the planning stage, so as not to have a below-average final height [START_REF] Bronfen | inégalités de longueur des membres inférieurs chez l'enfant et l'adolescent Conférences d'enseignement[END_REF] . Guided growth is also indicated for complex equalization programs associated to multiple progressive lengthening procedures.

Coronal limb deformity is another indication for growth slowing, in this case partial, known as lateral or medial guided growth. All the above techniques can be employed, although the present trend is very much in favor of periphyseal plates; even so, other techniques have been reported in numerous series.

Sagittal correction is more recent. Arthrogryposis is one example, if flexion contracture is <45° [START_REF] Palocaren | Anterior distal femoral stapling for correcting knee flexion contracture in children with arthrogryposis--preliminary results[END_REF] . A periphyseal plate on the anterior part of the distal femoral growth plate provides incomplete but functionally useful results (Figure 11). The same anterior distal femoral technique has also been used in flexion contracture of the knee in cerebral palsy and myelomeningocele sequelae [START_REF] Klatt | Guided growth for fixed knee flexion deformity[END_REF] . As knee pain may be due to staple expulsion or to irritation caused by periphyseal plates in the patellar region [START_REF] Al-Aubaidi | Anterior distal femoral hemiepiphysiodesis in the treatment of fixed knee flexion contracture in neuromuscular patients[END_REF] , other authors advocate correction by transphyseal screws [START_REF] Kay | Anterior Percutaneous Hemiepiphysiodesis of the Distal Aspect of the Femur: A New Technique: A Case Report[END_REF] . This sagittal correction, however, although interesting, is very slow, especially in the context of cerebral palsy, and gait is slow to improve [START_REF] Stiel | Anterior distal femoral hemiepiphysiodesis can reduce fixed flexion deformity of the knee: a retrospective study of 83 knees[END_REF] . Thus, indications here need to be carefully considered as compared to extemporaneous correction by osteotomy.

Finally, certain animal studies focused on correction of rotational abnormality, both tibial [START_REF] Cobanoglu | Rotational deformities of the long bones can be corrected with rotationally guided growth during the growth phase[END_REF] and femoral [START_REF] Arami | Guiding femoral rotational growth in an animal model[END_REF] , with consistently good results. There have not, however, as yet been any clinical series.

V-Research perspectives in physiodesis

The trend is to be as non-invasive as possible while remaining effective and free of side-effects. New implants have been developed in animal models using wires stretched over the growth plate [START_REF] Martínez | Distal femoral hemiepiphysiodesis using screw and non-absorbable filament for the treatment of idiopathic genu valgum. Preliminary results of 12 knees[END_REF] , or radiofrequency instruments [START_REF] Shiguetomi-Medina | Does radiofrequency ablation (RFA) epiphysiodesis affect adjacent joint cartilage?[END_REF] . The same issues of efficacy and safety certainly arise, and larger-scale studies are needed.

VI-Conclusion

The history of guided growth is now well-known and the practice is now common in pediatric surgery. Implants have progressed, and safety is now clear.

Choice of technique is a question of indications:

-If reversibility is sought, preference goes to periphyseal plates, with precautions according to age: 2screw plates before 11-12 years depending on gender, and definitively 4 screws thereafter. Stapling incurs so many complications that it has practically been abandoned.

-For growth arrest, the options are wider, as an implant may be used or not: percutaneous curettage or cross-screwing, with the choice at the surgeon's discretion. The Phemister technique should be borne in mind if fluoroscopy is not available. In all cases, age at surgery and choice of technique depend on etiology and type of correction:

-Angular correction should use a reversible technique.

-Limb-length discrepancy should be treated by definitive growth arrest.

-For all techniques, effective action time is about 6 months, which must be taken into account in planning.

-Correction is faster in secondary than idiopathic etiologies.
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 2 What are the indications of choice for the techniques in a correction program? 3/ How to determine the optimal date to initiate guided growth? 4/ And what are the present avenues of research and novelties?

Figure 1 :

 1 Figure 1: Lateral distal radius guided growth in multiple hereditary exostosis disease with excessive radial slope (left). Aspect at 18 months: improved radial slope (right).

Figure 2 :

 2 Figure 2: Phemister technique: a quadrangular block is harvested straddling the growth plate and turned through 180° to be embedded. (In Karger C, Les épiphysiodèses chirurgicales Techniques, indications et résultats, Conférences d'enseignement SOFCOT, 1995; 52: 219-234, reproduced with the author's permission).

Figure 3 :

 3 Figure 3: Topography of curettage zones for the Bowen technique: the central zone of the growth plate is respected. Curettage should be performed on the peripheral part for 10mm forward and backward from the introduction point. (In Karger C, Les épiphysiodèses chirurgicales Techniques, indications et résultats, Conférences d'enseignement SOFCOT, 1995; 52: 219-234, reproduced with the author's permission).

Figure 4 :

 4 Figure 4: Percutaneous transphyseal screwing. Screws are situated frontally in the lateral and medial thirds of the growth plate and diverge laterally.

Figure 5 :

 5 Figure 5: Isolated proximal tibial physiodesis to achieve 30 mm length gain, causing fibular head ascension compared to the contralateral side (X-ray), and clinical lateral dislocation (B).

Figure 6 :

 6 Figure 6: Positioning staples: AP, lateral and axial view on Blount technique. (In Karger C, Les épiphysiodèses chirurgicales Techniques, indications et résultats, Conférences d'enseignement SOFCOT, 1995; 52: 219-234, reproduced with the author's permission).

Figure 7 :

 7 Figure 7: Screw clearance in plate holes to reduce pressure on the growth plate.

Figure 8 :

 8 Figure 8: Centering the plate by means of a smooth pin introduced into the growth plate, onto which the plate is slid. With plate in position, drilling is performed for screw positioning.

Figure 9 :

 9 Figure 9: Temporary proximal tibial guided growth with plates positioned according to the anatomic sagittal axis (left). Progression shows progressive recurvatum and inversion of tibial slope (right), highlighting the need to implant plates according to the anatomic sagittal axis.

Figure 10 :

 10 Figure10: Proximal tibial and proximal femoral guided growth. The lateral tibial plate is poorly centered, with too distal an epiphyseal screw (left). Progression shows metaphyseal migration of the plate, with the epiphyseal screw crossing the growth plate (right), while the other plates fulfil their role, screws becoming progressively more divergent.

Figure 11 :

 11 Figure 11: Correction of flexion contracture of the knee in arthrogryposis (left), with very anterior plate position frontally (right).