
Citation: Ayoub Boutahar, Abderrahim Kamli, Mohamed Tazi Charki, Hicham Abdellaoui, Karima Atarraf, Moulay 

Abderrahmane Afifi. Induced Membrane Technique Combined with Surgical Lengthening of an Humerus Defect 

Secondary to Chronic Osteomyelitis: Case Report. SAS J Surg, 2024 Mar 10(3): 300-303. 

 

300 

 

SAS Journal of Surgery                            

Abbreviated Key Title: SAS J Surg 

ISSN 2454-5104  

Journal homepage: https://www.saspublishers.com  

 
 

Induced Membrane Technique Combined with Surgical Lengthening of 

an Humerus Defect Secondary to Chronic Osteomyelitis: Case Report 
Ayoub Boutahar (MD)1*, Abderrahim Kamli (MD)1, Mohamed Tazi Charki (MD)1, Hicham Abdellaoui (MD)1, Karima 

Atarraf (MD)1, Moulay Abderrahmane Afifi (MD)1 
 

1Department of Pediatric Traumatology and Orthopedics at the University Hospital Center Hassan II, Faculty of Medicine and Pharmacy, 

University of Mohamed Ben Abdellah, Fez, Morocco 
 

DOI: 10.36347/sasjs.2024.v10i03.008                                      | Received: 10.01.2024 | Accepted: 17.02.2024 | Published: 14.03.2024 
 

*Corresponding author: Ayoub Boutahar 
Department of Pediatric Traumatology and Orthopedics at the University Hospital Center Hassan II, Faculty of Medicine and Pharmacy, 

University of Mohamed Ben Abdellah, Fez, Morocco   

 

Abstract  Case Report 
 

Surgical management of long bone defects remains a considerable challenge for orthopedic surgeons, particularly in 

septic conditions. We present the case of an 8-year-old girl with a history of chronic osteomyelitis in the left humerus, 

referred to us following a pathologic fracture, initially managed with humeral osteosynthesis and grafting. Subsequently, 

the induced membrane technique was employed for pseudarthrosis after a recurrent fracture. Following consolidation, 

significant humeral shortening was observed, necessitating surgical lengthening using an external fixator, resulting in a 

satisfactory final outcome. 
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INTRODUCTION 
The management of post-infectious bone loss in 

the pediatric population represents a complex and 

challenging aspect of current orthopedic practice. It 

involves numerous difficulties, including the selection of 

appropriate bone reconstruction methods and the 

handling of infectious complications. 

 

The induced membrane technique, pioneered 

and popularized by A.C. Masquelet [1], marks a 

significant breakthrough in bone defect reconstruction 

surgery. Prior to its development, only allografts and 

vascularized grafts were feasible options. This technique 

has since emerged as the gold standard for segmental 

bone reconstruction in children, enabling the restoration 

of significant bone losses. 

 

We report the case of an 8-year-old girl treated 

by induced membrane technique then a surgical 

lengthening for an humerus defect secondary to chronic 

osteomyelitis, with good bone healing. 

 

CASE PRESENTATION 
An 8-year-old girl with a history of chronic 

osteomyelitis affecting her left humerus was referred for 

management of a pathological proximal diaphyseal 

fracture. Following successful control of the infection, a 

stable elastic centromedullary pinning procedure 

combined with grafting was performed. The patient 

exhibited positive clinical progress, with subsequent 

consolidation of the humerus. 

 

Subsequently, the child presented with an 

iterative fracture of the humerus, with breakage of the 

osteosynthesis material and recurrence of local infection 

(Figure 01). The osteosynthesis material was removed 

and the locoregional infection was controlled with 

antibiotics. The evolution was marked by pseudarthrosis 

of the fracture site, with an estimated loss of bone 

substance of 3 cm, representing an IOR of 15% of the 

length of the humerus, hence the decision to perform the 

Masquelet technique. 

 

During the first stage of Masquelet technique, 

the patient underwent an anterolateral approach of the 

left arm opposite the loss of bone substance, excision of 

necrotic tissue and avivement of the bone margins, with 

osteosynthesis using a Metaizeau wire and placement of 

surgical cement. (Figure 02) 

 

The 2nd stage was performed 8 weeks later, and 

consisted of reopening the old incision, removing the 

biologic cement while respecting the induced membrane, 

and filling the bone defect with a corticospongious graft 

harvested from the iliac crest. 
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Post-operative follow-up was straightforward, 

with immobilization in a brachio-anthebrachiopalmar 

splint that molded the shoulder. Bone consolidation was 

achieved at 9 months, with a RUST score of 16. 

 

The patient had retained a significant length 

inequality of 5 cm, or an IOR of 25%, treated by 

lengthening osteotomy using an external lengthening 

fixator, with a satisfactory final clinical result and good 

radiological consolidation (Figure 03). 

 

 
Figure 1: X-Ray: Iterative fracture of the humerus, with breakage of the osteosynthesis material 

 

 
Figure 2: X-Ray: First stage of Masquelet technique, with osteosynthesis using a Metaizeau wire and placement of 

surgical cement 

 

 
Figure 3: X-Ray: Final radiological result after lengthening osteotomy using an external lengthening fixator 
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DISCUSSION 
The management of post-infectious bone loss 

presents a highly complex and contemporary challenge, 

characterized by various difficulties in selecting 

appropriate bone reconstruction strategies. This is often 

compounded by the necessity to address infectious 

complications and ensure adequate musculocutaneous 

coverage. 

 

In cases of minimal bone defects, a single-stage 

autologous bone graft is typically recommended. 

However, when this option is not feasible, several 

surgical reconstruction techniques are available. 

 

Initially, the surgical techniques of Ilizarov 

distraction osteogenesis [2], bone transport [3], and 

allograft [4], were considered the gold standard for 

managing large bone losses. Subsequently, with the 

introduction of microsurgery, vascularized fibula 

grafting became widely utilized [5]. Towards the end of 

the twentieth century, Masquelet [1] introduced a novel 

surgical technique based on the induction of a membrane 

by a cement spacer. 

 

In post-infectious bone defects, reconstruction 

remains a significant challenge, with the primary goals 

being to sterilize the infectious site and reconstruct the 

bone defect. In our case, the child presented with a 

recurrent humerus fracture and localized infection. Our 

initial objective was to control the infection by removing 

the osteosynthesis material and administering 

antibiotics. Subsequently, we decided to proceed with 

the first stage of the Masquelet technique using a cement 

spacer. 

 

In septic osteoarticular surgery, the cement 

spacer serves a dual purpose: it maintains the space 

before grafting and provides bacteriological control. In 

cases of uncontrolled sepsis, the cement spacer may be 

removed, and after meticulous preparation, a new cement 

spacer can be inserted. If the infection is successfully 

controlled, the second stage of the induced membrane 

technique can be performed approximately 8 weeks after 

cement insertion. 

 

Some authors have recommended performing 

the second stage early after the first one, citing a higher 

rate of growth factors reported several weeks after the 

initial stage. However, others have suggested modulating 

this delay based on the location of the defect, such as the 

femur and humerus, where the consolidation of the 

membrane may take longer due to a single main vascular 

axis [6]. In our experience, the second stage was 

conducted 8 weeks after the first one. However, we 

believe that a longer delay of more than 8 weeks between 

the two stages may not significantly impact the osteo-

inductive and osteogenic properties of the induced 

membrane, as described by Gindraux et al., [7], and 

Giannoudis and Harwood [8]. 

 

Consolidation was achieved within 9 months, 

which is consistent with the findings of the Gouron [9], 

series, where an average consolidation time after the 

second stage of Masquelet was reported as 9.1 months 

(ranging from 2 to 25 months). 

 

Humeral lengthening, in comparison to femoral 

or tibial lengthening, is relatively uncommon. One 

possible explanation for the rarity of humeral 

lengthening is that minor shortening of the humerus 

seldom presents a significant functional or cosmetic 

impairment to the patient. Consequently, only a limited 

number of reports on humeral lengthening can be found 

in the international orthopedic literature, whereas reports 

on humeral shortening are more prevalent [10-15]. The 

most common causes of humeral shortening include 

osteomyelitis or growth plate closure resulting from a 

tumor [16-18]. 

 

In our case, the retained humeral shortening 

could be attributed to the damage to the upper extremity 

of the humerus, which is responsible for approximately 

80% of bone growth. Additionally, the initial bone defect 

may not have been completely filled by the graft, 

contributing to the observed shortening. 

 

Humeral lengthening can be associated with 

several complications, especially when the limb is 

lengthened by more than 20% [19]. However, there have 

been numerous studies demonstrating humeral 

lengthening exceeding 20% with minimal complications. 

For instance, in an analysis by Hosny [20], 56 humeral 

lengthenings were conducted on 46 pediatric patients, 

resulting in a mean lengthening of 55%. Similarly, other 

studies have reported humeral lengthenings ranging from 

40% to 60% [21-23]. 

 

In the present case, humeral shortening 

amounted to 20%, and we initiated distraction with a 

lengthening rate of 1 mm per day. Two months after the 

removal of the external fixator, radiographs revealed 

satisfactory consolidation of the humeral shaft, with no 

evidence of fracture or deformity. However, a 

discrepancy of 1 cm in length was observed, and the 

patient expressed satisfaction with the resulting 

discrepancy in upper limb length. 

 

CONCLUSION 
In cases of post-infectious long bone defects, 

the induced membrane technique presents itself as a 

viable option. This case has demonstrated that this 

approach is entirely feasible for the humeral location in 

children, yielding favorable outcomes. 

 

REFERENCES 

1. Masquelet, A. C., Fitoussi, F., Begue, T., & Muller, 

G. P. (2000, June). Reconstruction of the long bones 

by the induced membrane and spongy autograft. 



 

 

Ayoub Boutahar et al, SAS J Surg, Mar, 2024; 10(3): 300-303 

© 2024 SAS Journal of Surgery | Published by SAS Publishers, India                        303 

 

 

In Annales de chirurgie plastique et esthetique (Vol. 

45, No. 3, pp. 346-353). 

2. ARONSON, J., JOHNSON, E., & HARP, J. H. 

(1989). Local Bone Transportation for Treatment of 

Intercalary Defects by the Ilizarov Technique: 

Biomechanical and Clinical 

Considerations. Clinical Orthopaedics and Related 

Research (1976-2007), 243, 71-79. 

3. Paley, D., & Maar, D. C. (2000). Ilizarov bone 

transport treatment for tibial defects. Journal of 

orthopaedic trauma, 14(2), 76-85. 

4. Jaffe, K. A., Morris, S. G., Sorrell, R. G., Gebhardt, 

M. C., & Mankin, H. J. (1991). Massive bone 

allografts for traumatic skeletal defects. Southern 

medical journal, 84(8), 975-982. 

5. Semaya, A. E. S., Badawy, E., Hasan, M., & El-

Nakeeb, R. M. (2016). Management of post-

traumatic bone defects of the tibia using 

vascularised fibular graft combined with Ilizarov 

external fixator. Injury, 47(4), 969-975. 

6. Careri, S., Vitiello, R., Oliva, M. S., Ziranu, A., 

Maccauro, G., & Perisano, C. (2019). Masquelet 

technique and osteomyelitis: innovations and 

literature review. European Review for Medical & 

Pharmacological Sciences, 23. 
7. Giannoudis, P. V., Harwood, P. J., Tosounidis, T., & 

Kanakaris, N. K. (2016). Restoration of long bone 
defects treated with the induced membrane technique: 

protocol and outcomes. Injury, 47, S53-S61. 
8. Gindraux, F., Loisel, F., Bourgeois, M., Oudina, K., 

Melin, M., de Billy, B., ... & Pluvy, I. (2020). Induced 

membrane maintains its osteogenic properties even 
when the second stage of Masquelet’s technique is 

performed later. European Journal of Trauma and 

Emergency Surgery, 46, 301-312. 

9. Gouron, R., Deroussen, F., Plancq, M. C., & Collet, 

L. M. (2013). Bone defect reconstruction in children 

using the induced membrane technique: a series of 

14 cases. Orthopaedics & Traumatology: Surgery & 

Research, 99(7), 837-843. doi: 

10.1016/j.otsr.2013.05.005 

10. Cattaneo, R., Villa, A., Catagni, M. A., & BELL, D. 

(1990). Lengthening of the Humerus Using the 

Ilizarov Technique: Description of the Method and 

Report of 43 Cases. Clinical Orthopaedics and 

Related Research (1976-2007), 250, 117-124. 

11. Hosny, G. A. (2005). Unilateral humeral 

lengthening in children and adolescents. Journal of 

Pediatric Orthopaedics B, 14(6), 439-443. 

12. Janovec, M. (1991). Short humerus: results of 11 

prolongations in 10 children and 

adolescents. Archives of orthopaedic and trauma 

surgery, 111, 13-15. 

13. Lee, F. Y. I., Schoeb, J. S., Yu, J., Christiansen, B. 

D., & Dick, H. M. (2005). Operative lengthening of 

the humerus: indications, benefits, and 

complications. Journal of Pediatric 

Orthopaedics, 25(5), 613-616. 

14. Poul, J., & Svebis, M. (2001). Results of lengthening 

20 humeri. Acta Chirurgiae Orthopaedicae et 

Traumatologiae Cechoslovaca, 68(5), 289-293. 

15. Yang, C. B., & Huang, S. C. (1997). Humeral 

lengthening using the Ilizarov technique. Journal of 

the Formosan Medical Association= Taiwan yi 

zhi, 96(4), 291-294. 

16. Dal Monte, A., Andrisano, A., Manfrini, M., & 

Zucchi, M. (1985). Humeral lengthening in 

hypoplasia of the upper limb. Journal of pediatric 

orthopedics, 5(2), 202-207. 

17. Schopler, S. A., Lawrence, J. F., & Johnson, M. K. 

(1986). Lengthening of the humerus for upper 

extremity limb length discrepancy. Journal of 

Pediatric Orthopaedics, 6(4), 477-480. 

18. Verstreken, L., & Lamoureux, J. (1986). Idiopathic 

humerus varus treated by osteotomy and progressive 

lengthening. A case report. Acta orthopaedica 

belgica, 52(1), 86-92. 

19. Yun, A. G., Severino, R., & Reinker, K. (2000). 

Attempted limb lengthenings beyond twenty percent 

of the initial bone length: results and 

complications. Journal of Pediatric 

Orthopaedics, 20(2), 151-159. 
20. Hosny, G. A. (2016). Humeral lengthening and 

deformity correction. J Child Orthop 10 (6): 585–592. 

21. Balci, H. I., Kocaoglu, M., Sen, C., Eralp, L., 

Batibay, S. G., & Bilsel, K. (2015). Bilateral 

humeral lengthening in achondroplasia with 

unilateral external fixators: is it safe and does it 

improve daily life?. The Bone & Joint 

Journal, 97(11), 1577-1581. 
22. Kim, S. J., Agashe, M. V., Song, S. H., Choi, H. J., Lee, 

H., & Song, H. R. (2012). Comparison between upper 
and lower limb lengthening in patients with 

achondroplasia: a retrospective study. The Journal of 

Bone & Joint Surgery British Volume, 94(1), 128-133. 

23. Pawar, A. Y., McCoy Jr, T. H., Fragomen, A. T., & 

Rozbruch, R. S. (2013). Does humeral lengthening 

with a monolateral frame improve 

function?. Clinical Orthopaedics and Related 

Research®, 471(1), 277-283. 

 


