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ة واجنر ل عظام الأطراف السفلى باستخدام تقن   تطو

  :الخلاصة

ــل عظـام الأطـراف الســفلى باسـتخدام      ــة المسـتعملة فـي تطو ـة واجنـر هــي إحـدى الطـرق العلاج ــت تقن جهـاز التثب

  .الخارجي نوع واجنر

ــة فــي مستشــفى الواســطي للفتــرة مــن تمــوز ) ٢٣(تــم دراســة      ــات الجراح ــة  ٢٠٠٠حالــة وأجرــت لهــم العمل ولغا

سمبر  ن . ٢٠٠٢د عانون من قصر في أحـد الأطـراف السـفلى، وقـد تراوحـت أعمـارهم بـ ع المرضى  -٤.٥كان جم

ـل .سي لقصر الأطراف السـفلى فـي هـذ الدراسـة هـو شـلل الأطفـالالسبب الرئ. سنة ١٦.٢سنة وبمعدل  ٣٥ تـم تطو

ـع ) ٦(وعظم القصبة فـي  حالة) ١٧(عظم الفخذ في  ـل العظـم نـوع واجنـر فـي جم ـث اسـتخدم جهـاز تطو حـالات ح

ن ) ١٦(ذكور و ) ٧(اشتملت الدراسة على .الحالات ث تمت متابعتهم لفترة تتراوح ب دل شهراً وبمع ٤٢-١٤أنثى، ح

  .شهراً  ٢٦

ــادة فـي طــول العظـم      ـادة فـي طــول العظـم ،سـم) ٥,٢(كـان متوسـط الز ــة للز مــن %) ١٢,٨(متوســط النسـبة المئو

ـث لـم تـؤثر هـذ %)٢١,٣(كانـت نسـبة الاختلاطـات .سـم\ـوم) ٣٥(ومتوسط معامل الالتئام ، طول العظم الأصلي ح

ة ولم تكن هناك اختلا جة النهائ ت الخارجي وذلك بسبب قصر الاختلاطات على النت رة متعلقة بجهاز التثب طات خط

اً  ـل العظـام ، بالخلاصـة. فترة بقاء في الساق نسـب ـت الخـارجي نـوع واجنـر لغـرض تطو نوصـي باسـتعمال جهـاز التثب

في مرضى قصر الأطراف السفلى وذلك لسهولة استخدامه وخفة وزنه وقصر فترة بقـاء فـي الساـق بالاضاـفه الـى قلـة 

اً عد   .د الاختلاطات نسب

Abstract: 
    The objective of this study is to evaluate Wagner technique as a method for bone 
legthening. By using this technique, twenty three patients underwent lengthening of the 
lower extremity between July 2000 and December 2002 in Al-Wasity hospital.17 femora 
& 6 tibiae were lengthened in16 females & 7 males, the ages of them were between 4.5 - 
35 years & the length discrepancy was between 3.5 - 16 cm. The mean gain in length was 
(5.2cm). The mean percentage of femoral lengthening was (13.1%) of the original bone 
length, while that of tibial lengthening was (10.2%) of the original bone length. The 
pecentage of true complications was 21,3%, in spite of complications, the ultimate goal 
of equalization of limb length did not significantly affected. we reccommend Wagner 
technique as a method for bone legthening in the lower limbs. 

 
Introduction: 
    Limb lengthening by means of osteotomy & callus distraction was first described in 
1904-1905 by A. Codivilla.(1,2) In 1913 Ombredanne performed gradual femoral 
lengthening by fixing one pin above & one pin below the osteotomy with an apparatus 
fitted to the side of the thigh.In 1921 V. Putti adopted the ideas of Codivilla & 
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Ombredanne by application of gradual distraction to 2 pins placed proximal & distal to 
the osteotomy.(3,4) In 1936 Compere recommended bone grafting at the lengthening site 
to lower the incidence of nonunion.(5) Ilizarov in 1952 developed his modular ring 
external fixator. In 1971 Wagner described a new unilateral dynamizable fixator for leg 
lengthening which gives an effective stability of the osteotomy.(6,7) 
 

Materials and Methods: 
    Wagner technique was used in 23 patients between July 2000 - December 2002 in Al-
Wasity hospital. 17 femora & 6 tibiae were lengthened in16 females & 7 males, the ages 
of them were between 4.5 - 35 years & the length discrepancy was between 3.5 - 16 cm. 
The causes of leg length discrepancy were poliomyelitis in 11 patients, congenital in 7 
patients, trauma in 4 patients & infection in 1 patient.The mean period of follow up was 
26 months. We evaluate our results using 3 parameters, first is the gain in length 
measured by cm., second is the percentage of lengthening amount divided by the bone 
length before surgery & third is the healing index which is defined as time required to 
accomplish one cm. of lengthening & consolidation& is calculated by dividing the total 
overall treatment time(in days)by the total lengthening amount (in cm.).(8) We evaluate 
our complications according to the classification system proposed by Paley(9): There are 
three types of complications; problems, obstacles and true complications. 
    A problem was defined as potential expected difficulty that arise during the course of 
treatment & that is fully resolved by non-operative means. An obstacle was defined as a 
potential expected difficulty that arises during the course of treatment & that’s fully 
resolved by operative means. A true complication was defined as a difficulty that is 
unresolved at the end of the treatment, or as an early or late post-treatment difficulty. A 
true complication was further defined as minor or major. 
Surgical technique. 
    The Wagner technique consists of a transverse osteotomy of the femoral or tibial shaft 
at the proximal part of the diaphysis. Then, the osteotomized bone is fixed with an 
apparatus, that employs percutaneous Schanz screws anchored proximal & distal to the 
osteotomy site. 
    The apparatus consists of two telescoping rods with a gear for distraction. 
    Before commencement of distraction we wait for 5-10 days; during this period, the 
patient is taught to do distraction by himself, to take care for the pins &to do static 
physiotherapy. 
    After the waiting period, distraction is begun at a rate of 1mm.per a day. After the 
completion of distraction, the bone is exposed through the same incision, the distraction 
site (which is filled with soft callus) is bridged with A.O. plate, bone graft obtained from 
the anterior iliac crest can be applied & the Wagner device is removed.  
 

Results: 
    Wagner technique was used in 23 patients between July 2000 - December 2002 in Al-
Wasity hospital. 17 femora & 6 tibiae were lengthened in16 females & 7 males, the ages 
of them were between 4.5 - 35 years & the length discrepancy was between 3.5 - 16 cm. 
The gain in length in all 23 patients varied from 3.1-9.5cm.(mean gain in length was 
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5.2cm). The gain in tibial length was between 3.1-5 cm .The gain in femoral length was 
between 3.5-9.5cm. 
    The percentage of the lengthenings obtained was between 8.5%-18.5% of the original 
bone length (mean 12.8%). The percentage of the tibial lengthenings obtained was 
between 8.5%-13% (mean 10.2%) while that of femoral lengthenings was between 8.9%-
18.5%(mean 13.1%) of the original bone. 
    Total period of treatment was calculated from the day of operation to the beginning of 
full weight bearing without any external support. The total period of treatment was 
between 3.5-9 months (mean 5.6 months). 
    The healing index in our study was ranging from 28-50 days “mean 35 days”. The 
mean healing index for the patients with poliomyelitis was 40.8 days, while it was 32.3 
days in other patients. 
    Equalization of the leg length was achieved in 15 patients.Seven patients had a slight 
residual length discrepancy of less than two cm.In one patient with poliomyelitis, the 
desired length could not be achieved because of the large amount of discrepancy 
‘16cm.’.Both femur& tibia were short. 
    There were 26 complications in 20 lengthenings, 3 patients had no complications. The 
complications can be classified according to the classification system proposed by 
PaleyAccording to this classification system, we have 18 problems, 3 obstacles & 5 true 
complications (tab.1). Tibial fracture occurred in (1) patient& was regarded as major 
complication treated with open reduction & internal fixation. Two patients (tibial 
lengthening), required lengthening of the Achilles tendon because of equinus contracture 
unresponsive to physiotherapy. 
 

Table (1): complications of our study according to Paley classification. 

 problemobstacle True complication 

Pin track infection 7   
Knee stiffness 5   
Delayed union 3   
Implant failure 1   
Uncooperative 

patient 
2   

Knee contracture  1  
malalignment  2  

Axial deviation   2 

Fracture   1 
Equinus contracture   2 

 

Discussion: 
    The site of osteotomy in gradual distraction is an important consideration; most 
authors observe an improved osteogenesis after metaphyseal bone transection compared 
with diaphyseal transection.(10,11) The rate of distraction in our study was 1 mm./day; 
various authors reported that a daily distraction of one mm./day yielded the best results. 
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Slower distraction often leads to early ossification and premature union. Faster 
distraction of more than one mm./ day coincides with less new bone formation due to 
tearing of the endosteal and periosteal vessels.(10,12,13,14)  
    During distraction some angulation may develop. The problem of angulation is one of 
the most undesirable disadvantages of Wagner technique compared with Ilizarov method. 
In our study,four patients (17.3%) developed angulation at the site of osteotomy, where 
as in the study of Aaron A.D. who used Ilizarov method in (21) patients, there was no 
such problem.(15,16) ;however, the angulation can be corrected by two means: 
1. By readjustment of external fixator (during the distraction phase).  
2. When doing internal fixation (after the distraction has been completed). 

    A major problem in bone lengthening procedures is maintaining stability during the 
period of consolidation. Wagner approached this problem by changing from external to 
internal fixation.(17) We apply the plate in place before removing the external fixator to 
avoid any rotation, malalignment, or collapse of the gap. Changing from external to 
internal fixation permit early physiotherapy & early weight bearing. 
    In Wagner technique, removal of the external fixator with it’s pins shortly after the 
distraction has been completed will reduce the rate of complication caused by these pins 
like pain, loss of knee motion, pin track infection, and interference with the function of 
muscles. 
    Breakage of the plate through the holes which were devoid of screws occurred in two 
patients (8.6%). It is better to bridge the distraction site with a special lengthening plate 
(which we do not have), that has no holes over the distraction area of bone. 
    As a group, the skeletally immature children generally developed fewer complications 
& tended to tolerate the procedure better than the skeletally mature group. Fig.(1)  
    The mean gain in length in our study was (5.2 cm) which was consistent with the study 
of Alan-D.A. (5.4 cm.) and the study of Jeffery M.H. (5.5cm.). The average length 
obtained by Roberto G. in 1990 was(4.5 cm.). In 1978 Wagner reported an average gain 
in length of (6.8 cm.).(13,18,19) Fig.(2) 
 
 
 
 
 
 
 
 
 

 
Fig.(1): Complications ((a comparism between skeletally immature patients and skeletally 

mature patients.)) 
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Fig (2): The gain in length(in cm.) in different studies. 
    The mean healing index in our study was (35 days/cm), while the mean healing index 
in the study of Fink B. et al was(40.4 days/cm)&in the study of Dwyer J.S. et al was 
(52.4 days/cm) & both of them used Ilizarov method.(13,17) 
    The mean healing index of the femur (33.8 days/cm)was lower than that of 
tibia(40.3days/cm); this difference is attributed to the high vascularity & good soft tissue 
cover of the femur compared with the tibia.(10,14) 
    The polio- patients possessed a higher healing index than that of other patients.The 
loss of muscle tonus & active movement in polio-patients cause diminishing arterial 
perfusion & stagnation of venous drainage. The impaired circulation is held responsible 
for retarded new bone formation.(16,20) 
    In polio-patients, bone graft application was necessary to stimulate new bone 
formation, while in other patients, bone graft did not affect the duration of treatment or 
the quality of new bone.(20) 
Conclusions and recommendation: 

1. We recommend Wagner procedure as an effective and fairly safe method for leg 
lengthening. 

2. After the distraction has been completed, changing from external to internal fixation 
gives an effective stability at osteotomy site, allows early ambulation and decreases 
the rate of complications. 

3. Per-operative application of the plate is best to be done before removing the 
external fixator to avoid displacement & collapse at the lengthening gap. 

4. Bone graft is essential in polio-patient to induce new bone formation (osteogenesis). 
5. Skeletally immature patients adapt the procedure well and have fewer complications 

compared with skeletally mature patients. 
 

References: 
1.De Bastiani G. et al. Limb lengthening by callus distraction. Pediatric Orthopaedics. 

Raven . 1987: 7(2); 129-134. 
2.Paterson D. Leg lengthening procedures: A historical review. Clinical Orthopaedic & 

related research. Jan. 1990:250; 81-104. 
3.Wiedemann M.. Callus distraction: A new method? A historical review of limb 

lengthening. Clinical orthopaedics & related researches. Lippincott-Ravan. June 
1996: 327 (3); 291-304. 

4.Klapp F. precursors of the Ilizarov technique. Injury. 1993:24 (2) 25-28. 
5.Kenwright J, Wihte SH. A historical review of limb lengthening & bone transport. 

Injury. 1993:24(2);9-19. 
6.Bjerkreim I.& Hellum C. Femur lengthening using the wagner technique. Scand. 

1983: 54; 263 – 266. 
7.Jones D.C., Moseley C.F. subluxation of the knee as a complication of femoral 

lengthening by the Wagner technique. The journal of bone & joint surgery. British 
edition. Jan.1985:67(1);33-35. 



Kufa Med. Journal 2008. Vol. 11. No.1 
 

358 
 

8.Lammens J., Lin. Z. Distraction bone healing versus oesteotomy healing: a 
comparative biochemical analysis. J. Bone. Miner. Res. Feb. 1998: 13 (2); 279 – 286. 

9.Paley D. Problems, Obstacles & complications of limb lengthening by the Ilizarov 
technique. Clinical orthopedic & related research.1990: 250; 81-104. 

10. Aronson J. et al. Preliminary studies of mineralization during distraction 
osteogenesis. Clinical orthopaedics related research. Jan. 1990:250;43-48. 

11. Ring D. & Jupiter J.B. Distraction histogenesis in the lower extremity. Grabb& smith’s 
plastic surgery. Fifth edition. CV. Lippincott-Raven. Philadelphia. 1997; 1049-1057. 

12. Beaty J. H.congenital anomalies of lower extremity. Lower limb length 
discrepancy. Campbell's operative orthopaedics. seventh edition. C. V. Mosby. ST. 
Louis. Washington, D. CToronto.1987: 2683-2706.  

13. Ilizarov G.A. Clinical application of the tension – stress.Clinical ortho& related 
researches. Jan. 1990:250;8-26. 

14. Ilizarov G.A. The tension stress effect on the genesis&growth of tissues. Clinical 
orthopaedics & related research. Jan. 1989: 238; 949 – 981. 

15. Solmon L., Warwick D. & Nayagams. The back. Scoliosis. Apley’s system of 
orthopaedics & fractures. Eighth edition.c.v. Arnold. London. 2001; 374-382. 

16. Aronson J. et al. The histology of distraction osteogenesis using different external 
fixators. Clinical orthopaedics & related research. April 1989: 241; 106-116. 

17. Paterson J.M.H., Waller C.S. & Catterall A.. Lower limb lengthening by a modified 
Wagner technique. Journal of Pediatric orthopaedics. Raven- Press. 1989: 9(2);129-133. 

18. Hood R.W & Riseborrugh E.J. Lengthening of the lower extremity by the Wagener 
method. J. B. J. S. (A) .Sept. 1981:63(7);1122-1131. 

19. Hrutkay J.M. & Eilert R.E.. Operative lengthening of the lower extremity & 
associated psychological aspects, Journal of pediatric orthopaedics. Ravan Press. 
1990: 10(3); 373-377. 

LEE D.Y. et al. Fixed pelvic obliquity after poliomyelitis. J. B. J. S. (B). March, 1997: 
79(2);190-196. 


