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Abstract  Original Research Article 
 

Introduction: Proximal tibial fractures are severe injuries that highly compromise knee function. Complex fractures 

pose a therapeutic challenge, as they require both bone healing and preservation of joint function. The aim of our study 

was to describe the epidemiological, therapeutic, and prognostic aspects of complex proximal tibia fractures treated with 

Ilizarov external fixation. Patients and Method: This was a descriptive, cross-sectional retrospective study carried out 

in the orthopaedics and traumatology department of Brazzaville University Hospital between January 2022 and 

December 2024. It involved patients with complex fractures of the proximal tibia with damaged skin, treated with 

Ilizarov external fixators and following up. Knee X-rays were utilized to analyse anatomical results, and the Merle 

d’Aubigné and Mazes score was used for functional assessment. Results: Six male patients were included, with a mean 

age of 36.67 years (range: 19–58 years). The fractures were classified as Schatzker V in 1 case and Schatzker VI in 5 

cases. The fracture was opened in 33.33% of cases and closed with dermabrasion in 66.67% of cases. The average time 

to treatment was 7.16 days. The Ilizarov external fixator was used alone in 5 cases and in combination with epiphyseal 

screw fixation in 1 case. The short- and medium-term postoperative outcomes were uncomplicated, with all fractures 

healing. At the last follow-up, knee function was rated as very good or good in 4 cases and poor in 1 case. Conclusion: 

The Ilizarov external fixator is an excellent alternative in the surgical treatment of complex fractures of the proximal 

tibia. It authorizes secure stabilization without interrupting knee function and allows early healing of skin injuries. 

Keywords: Proximal tibia fracture, Ilizarov external fixator, surgical treatment, case study, Schatzker classification, soft 

tissue. 
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INTRODUCTION 
Proximal tibia fractures are complex and 

disabling injuries with significant morbidity [1]. They 

represent 25% of tibia fractures, 7% of limb fractures, 

and 1.32% of all fractures [2-4]. They may be extra-

articular, but more often than not, they are articular, 

causing a serious impact on knee function and 

correspond the nosological framework of “tibial plateau 

fractures” [1]. These are osteochondral lesions, from 

simple depressions to epiphyseal-metaphyseal 

comminution, resulting from high-velocity trauma in the 

axial and coronal planes, during which the femoral 

condyles strike the tibial tubercles through various 

mechanisms [5, 6]. Surgery remains the gold standard for 

treating these injuries, allowing for anatomical reduction 

and strong stabilization with a goal of early knee 

mobilization [7, 8]. Complex patterns, characterized by 

significant bone comminution (Schatzker V and VI), are 

challenging to manage, especially when associated with 

soft tissue injuries. In such cases, procedure must ensure 

soft tissue healing, the most anatomical bone healing 

possible, and good knee joint function. Many authors 

choose external fixation [1, 9–11], and in particular the 

Ilizarov external fixator, as it provides circular stability 

of the fracture, preserves knee motion, causes minimal 

damage to soft tissue, and finally allows for 

hybridization of the assembly (a combination of external 

and internal fixations) [10–13]. The aim of this study was 

to describe the epidemiological, therapeutic, and 

prognostic aspects of complex fractures of the proximal 

tibia treated with the Ilizarov external fixator. 
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PATIENTS AND METHOD 
We conducted a descriptive, cross-sectional, 

single-center study over a period of three years (between 

January 2022 and December 2024). The study included 

patients over the age of 18 who were admitted to the 

orthopaedic trauma department of the Brazzaville 

University Hospital during the period for complex tibial 

plateau fractures with skin lesions, operated on using the 

Ilizarov method, and followed up. We excluded patients 

with simple tibial plateau fractures (Schatzker I, II, and 

III), those with complex fractures operated on using 

another technique, and patients who were lost to follow-

up. The parameters studied were epidemiological, 

diagnostic, therapeutic, and evolutive. Bone lesions were 

classified according to Schatzker’s classification [14], 

while soft tissue lesions were classified according to 

Tscherne and Gotzen for closed fractures [15] and 

according to Gustilo and Anderson for open fractures 

[16, 17]. All patients underwent surgery using regional 

anaesthesia (spinal anaesthesia). Fractures were reduced 

using external manoeuvres such as ligamentotaxis, with 

image – amplification guidance. Some fragments were 

manipulated using a joystick or lever and temporarily 

held in place with Kirschner wires. The use of large-sized 

percutaneous spike forceps enabled fragmentary 

compression of the tibial tubercles, which was 

subsequently maintained either with 6.5 mm diameter 

cancellous screws or with opposing olive pins. The 

Ilizarov circular frame was made of complete rings and 

1/2 or 2/3 rings with diameters ranging from 120 to 

190 mm (figure 1). The fixation technique combined 

methods already described in the literature [10, 12, 13, 

18], with bone transfixion performed using 16 mm 

straight or olive pins, placed at two levels in the diaphysis 

and either at two levels or at one level coupled with 

epiphyseal hybridization (figure 2a). Two complete rings 

were positioned diaphysially, while epiphysially, a 1/2 or 

2/3 ring was used alone or in combination with a 

complete ring. Stabilization was performed after 

checking the reduction, using threaded metal rods 50 to 

300 mm in length, secured with nuts (Figure 2b). Knee 

mobilization began the day after surgery. 

 

The anatomical assessment of the knees was 

performed on standard X-rays using the criteria 

established by Duparc and Cavagna [19], and the 

functional assessment of the knees was performed using 

the Merle d’Aubigné and Mazès score [8]. 

 

The data were processed using Microsoft Excel 

version 2021 software, with qualitative variables 

expressed as absolute frequencies and quantitative 

variables as averages. 

 

 
Figure 1: Components of the Ilizarov External Fixator. 

Full rings and 2/3 rings made of titanium (a), 1/2 rings made of steel (b), 16 mm Kirschner wires (c), threaded metal rods (d), 

nuts, bolts, pin holders, and keys (d). 
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Figure 2: a) Positioning of the 16 mm pins at 4 levels. b) Assembly of the montage (rings and rods) 

 

RESULTS 
Epidemiological aspects 

In this study, we collected data on six (6) 

patients, all male. The average age was 36.67 years, with 

extremes of 19 and 58 years. 

 

All fractures occurred as a result of trauma from 

a road traffic accident involving a motorized two-

wheeled vehicle.   

 

Diagnostic and therapeutic aspects  

All patients consulted for severe post-traumatic 

knee pain associated with complete functional 

impairment of the lower limb. The injury was located on 

the left knee in two cases and on the right knee in four 

cases. The adjacent skin was not intact in all patients. 

Two cases involved an open fracture classified as type II 

according to Gustilo and Anderson, and four cases 

involved a closed fracture with multiple skin abrasions 

classified as stage 2 according to Tscherne and Gotzen in 

three cases and stage 3 in one case. Radiologically, all 

fractures were articular, either Shatzker stage V (one 

case) or Shatzker stage VI (five cases). In one patient, the 

tibial fracture was associated with a type 33B3.2 

condylar fracture according to AO/OTA. Computed 

tomography was performed in only three patients, 

confirming joint involvement in one case (figure 3) and 

posteromedial depression in another case.  

 

In terms of treatment, we used anteroposterior 

percutaneous screw fixation to treat an associated 

femoral condylar fracture (figure 4). The table 1 

summarizes the treatment data for the patients. 

 

 
Figure 3: X-ray (A) and CT scan (B) images of a complex fracture of the proximal tibia, classified as type VI according to 

Schatzker's classification 
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Figure 4: X-ray control of the knee showing condylar screw fixation treating an AO/OTA type 33B3.2 fracture 

 

Table 1: Therapeutic data on patients 

 Outcomes 

Average time to surgery (days) 

Average duration of intervention (minutes) 

7.16 (1 – 21) 

147.5 (90 – 215) 

Type of fixation: Tibio-tibial external fixator 

                             Ilizarov alone 

                             Ilizarov + Epiphyseal screw fixation 

6  

5  

1  

 

Evolutive aspects 

The average period of postoperative hospital 

stay was 4.17 days, ranging from 2 to 7 days. All patients 

underwent functional rehabilitation sessions, with an 

average of 20.68 sessions (ranging from 15 to 30 

sessions). The limb was completely off weight for at least 

45 days, and weight bearing was authorized after an 

average of 57.17 days. 

 

No secondary infection of skin lesions was 

observed, and postoperative recovery was uneventful in 

five cases. We regret to report one death on the 77th 

postoperative day due to pulmonary embolism 

complicating thrombophlebitis. The average time to 

consolidation was 93.5 days (range: 75 to 120 days), and 

the external fixator was systematically removed once the 

bone callus was visible on X-ray and sufficiently solid.  

 

With a mean follow-up of 13.6 months, 

radiological assessment of the five remaining knees 

according to Duparc and Cavagna criteria gave us a good 

outcome in 3 cases and a very good outcome in 2 cases. 

The functional assessment of the knees is given in 

Table 2. 

 

Table 2: Distribution of patients according to the Merle d'Aubigné and Mazès score at the last follow-up 

Score Effective 

Very good (17 – 18) 

Good (15 – 16) 

1 

3 

Average (13 – 14) 

Poor ( 12) 

1  

0 

Total 5 

 

DISCUSSION  

Complex tibial plateau fractures with damaged 

tissue are less common. Most studies report series 

consisting mainly of closed fractures. These studies, 

which take into account both complex and simple forms, 

involve large series [3, 8, 13, 20]. Randriamarotiana et 

al., [21] report in their series that 20.3% of cases had 

damaged soft tissue, regardless of the type of injury. The 

small size of our series can be explained by the over-

selection of complex fractures with damaged soft tissue 

treated with an Ilizarov fixator. However, our results 

prompt us to make a few comments. 

 

The patients are young, with an average age of 

36.67 years. This result corresponds with that of Khatri 

et al., [21], who observed an average age of 37.7 years in 

their study of Schatzker type V and VI fractures. 

Nevertheless, Dingamnodji et al., [8] report a 

significantly higher average age of 46.6 years in a series 
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including all types of tibial plateau fractures. Road 

accidents involving two-wheeled motor vehicles 

(motorcycles) were the only traumatic circumstance in 

the series. This context is mentioned by the majority of 

African authors, especially in countries where 

motorcycles are used for public transport [3, 20, 22]. The 

male-dominated character of our series is very unusual, 

leading us to realize that young men are more active in 

our society, driving almost all motorized vehicles 

engaged in high-energy accidents, while prudence and 

fear are the preserve of women and older people. 

 

The soft tissue surrounding the bone lesions 

was not healthy; its surface showed either multiple 

abrasions of differing degrees or a wound connecting the 

fracture site to the outside. Randriamarotiana et al., [22] 

report in their series, combining all types of bone lesions 

that 20.3% of patients had poor skin condition. Barbary 

et al., [13] noted 9 skin openings in a series of 29 

Schatzker type VI fractures, and Selim et al., [23] report 

21% skin contusion and 15% open wounds in 70 

Schatzker type V and VI tibial plateau fractures. It should 

be noted that complex forms are often accompanied by 

skin lesions, as these forms result from very violent 

trauma involving both the intrinsic mechanisms 

responsible for separation-depression lesions of the tibial 

plateau and extrinsic mechanisms causing metaphyseal-

diaphyseal fractures of the tibia and soft tissue lesions.  

 

Unlike in developed countries, the health 

insurance system in Congo does not cover all social 

classes, and patients are forced to be supported by their 

families. As a result, we were unable to treat all 

emergency patients, despite the existence of serious soft 

tissue injuries. However, the extent of the soft tissue 

injuries led us to prefer external fixation instead of plates 

and screws, which are often used after skin lesions have 

healed, although this is not guaranteed. In this case, the 

external fixator is the ideal therapeutic option, as it 

stabilizes the bone fragments, providing patients with 

pain relief in their knees, but also greatly reduces 

aggression on the soft tissues, thus promoting the healing 

of skin lesions [24, 25]. The choice of the Ilizarov fixator 

is justified by its less invasive nature (the skin is only 

penetrated by Kirschner wires, which are less bulky than 

Schanz screws) and its stability in all three planes, which 

means that the knee does not need to be bridged and 

allows early mobilization of the knee joint.  

 

The relatively short delay (7.16 days) between 

injury and surgery in our patients facilitated closed 

reduction procedures. Fracture reduction was achieved 

by ligamentotaxis and interfragmentary compression 

applying olive pins in five cases. In one patient treated 

after two weeks, it was difficult to mobilize certain joint 

fragments utilizing external manoeuvres; we were forced 

to perform splinting and then proceed with raising using 

a ‘lever effect’ and internal fixation of the tibial tubercles 

applying double screws (Figure 5). In their series, 

Barbary et al., [13] used open reduction with 5 to 6 cm 

incisions in 6 cases. Higher proportions of skin opening 

procedures have been reported in the literature in the 

studies conducted by Weiner et al., [26], with 60% open 

reduction, and Watson and Coufal [28], with 79% open 

reduction.  

 

 
Figure 5: X-ray follow-up of a hybrid fixation (Ilizarov fixator and cancellous screws) for a tibial plateau fracture classified as 

type VI according to Schatzker 
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The use of hybrid fixations in this pathology is 

also noteworthy. Similar to our case of epiphyseal screw 

fixation, Barbary et al., [13] combined the Ilizarov 

fixator with compression screws inserted percutaneously 

in 60% of cases, unlike Weiner et al., [26], who used 

compression screws in all of their joint fractures. These 

results show how Ilizarov fixates offer real possibilities 

for hybridization in the stabilization of bone fractures. 

 

The occurrence of a death after 2 months and 17 

days was an exceptional situation in our study. 

Pulmonary embolism, which is a complication of high-

risk emboligenic surgery such as pelvic limb 

osteosynthesis, was fatal in a patient who very quickly 

stopped anticoagulant treatment due to lack of financial 

resources. The present study reveals that no morbidity 

was observed in the postoperative period in the five other 

patients. The literature reports low rates of postoperative 

complications, especially infectious ones [12, 13, 26, 

27]. Given the coexistence of skin lesions, one of the 

objectives of managing this condition is to keep the 

incidence of infectious complications as low as possible. 

Consolidation was achieved in all patients within the 

normal time frame. The results we obtained in this regard 

are better than those reported by Barbary et al., [13] and 

Rafik et al., [12], who observed relatively long bone 

consolidation times. However, given the small size of our 

series compared to others, we must view this result with 

considerable caution. 

 

According to Duparc and Cavagna’s 

radiological criteria, our anatomical results are very 

satisfactory in the follow-up, providing information on 

the good and very good functional results of the knees 

(Figure 6) and are generally similar to those reported in 

previous studies [12, 13, 27, 28]. Although we have not 

observed any cases of gonarthrosis in all our patients to 

date, a much longer follow-up period is required for a 

more accurate assessment. The risk of post-traumatic 

gonarthrosis is often minimized by anatomical 

reconstruction of the tibial plateau, but we all know that 

this risk is never zero, even in anatomically restored 

knees, due to the existence of osteochondral lesions. It is 

also important to emphasize the role of physical 

medicine in the functional restoration of the knees. 

Physiotherapy, which aimed, through a well-established 

protocol, to rehabilitate the knee joint range of motion, 

maintain thigh muscle trophicity and strengthen muscle 

strength, was made possible by the freedom of 

movement of the unfixed knees and the stability of the 

assemblies, which were guarantees of the Ilizarov 

external fixator.   

 

 
Figure 6: Functional (a) and radiological (b) results of a Schatzker VI tibial plateau fracture treated with an Ilizarov external 

fixator at 14 months 

 

CONCLUSION  

This preliminary study highlights the clinical 

success and low morbidity associated with the Ilizarov 

method in the treatment of complex fractures of the 

proximal tibia in general, or specifically when these 

fractures are accompanied by significant soft tissue 

damage. This method facilitates soft tissue healing in this 

type of fracture, compared to screw plates, where 

extensive dissection sometimes aggravates soft tissue 

damage. In addition, the Ilizarov external fixator offers 

near-anatomical reduction of the joint surfaces, with the 

possibility of early knee mobilization and early weight-

bearing on the lower limb. Despite the small number of 

patients, the results obtained are very satisfactory and 

justify the recommendation that the Ilizarov method 

should be the treatment of choice for complex fractures 

of the proximal tibia with or without soft tissue injuries.     

 

Declaration of competing interest: No conflicts of 

interest 

 



 

 

Arnauld Sledje Wilfrid BILONGO-BOUYOU et al, SAS J Surg, Dec, 2025; 11(12): 1107-1113 

© 2025 SAS Journal of Surgery | Published by SAS Publishers, India                        1113 

 

 

REFERENCES  
1. Mthethwa J, Chikate A. A review of the management 

of tibial plateau fractures. Musculoskelet Surg. 

2018; 102(2):119-127. doi:10.1007/s12306-017-

0514-8 

2. Donovan RL, Smith JRA, Yeomans D, Bennett F, 

White P, Chesser TJS. Epidemiology and outcomes 

of tibial plateau fractures in adults aged 60 and over 

treated in the United Kingdom. Injury. 2022; 

53(6):2219-25  

3. Handy ED, Bizole BDY, Essi MJ, Kaldadak K, Ngo 

Nonga B and Sosso MA. Epidemiological Aspects 

and Therapeutic Indications of Tibial Plateau 

Fractures in Adults: About 84 Cases Observed in 

Yaoundé. Med J Clin Trials Case Stud. 

2017;1(3):000118. 

4. Court-Brown CM, Caesar B. Epidemiology of adult 

fractures: a review. Injury. 2006;37(8): 691-7.  

5. Khan K, Mushtaq M, Rashid M, Rather AA, Qureshi 

OA. Management of tibial plateau fractures: a fresh 

review. Acta Orthop. Belg. 2023;89: 265-273.  

doi.org/10.52628/89.2.11508 

6. Vasanad GH, Antin SM, Akkimaradi RC, 

Policepatil P, Naikawadi G. Surgical Management 

of Tibial Plateau Fractures – A Clinical Study. J. 

Clin. Diagn. Res., 2013; 7(12): 3128-30 

7. Adoum AH, Dalatou MH, AM Niandou, Abdoul 

Wahab AM, Covalis M, Souna BS. Traitement 

Chirurgical des Fractures des Plateaux Tibiaux à 

Niamey: à Propos de 27 Cas. Health Sci. Dis. 2023; 

24 (3): 72-76 

8. Dingamnodji M, Andjeffa V, Mossalmbaye DA et 

al., Résultats du traitement chirurgical des fractures 

des plateaux tibiaux au Centre Hospitalier 

Universitaire la renaissance de N’Djamena à propos 

de 35 cas. Eur. Sci. J. 2024; 20 (30): 84-6. DOI: 

10.19044/esj. 2024.v20n30p84 

9. Mallik AR, Covall DJ, Whitelaw GP. Internal versus 

external fixation of bicondylar tibial plateau 

fractures. Orthop Rev., 1992; 21: 1433-1436 

10. Kumar A, Whittle AP. Treatment of complex 

(Schatzker type VI) fractures of the tibial plateau 

with circular wire external fixation: retrospective 

case review. J Orthop Trauma., 2000; 14: 339-344 

11. Guadinez RF, Mallik AR, Sporn M. Hybrid external 

fixation of comminuted tibial plateau fractures. Clin 

Ortop. 1996 ; 328 : 203-210 

12. Rafik E, Sabri M, Jerbi I et al., Traitement des 

fractures comminutives du plateau tibial par 

Ilizarov. Résultats d’une série de 18 patients. 

Travaux des sociétés / Rev. Chir. Orthop. Traumatol 

102 (2016): 788-803.  

13. Barbary HE, Abdel GH, Misbah H, Salem K. 

Complex tibial plateau fractures treated with 

Ilizarov external fixator with or without minimal 

internal fixation. Int. Orthop. 2005;29: 182-185. 

DOI 10.1007/s00264-005-0638-6 

14. Schatzker J, McBroom RBD. The tibial plateau 

fracture. The Toronto experience 1968-1975. Clin 

Ortop. 1979;138: 94 

15. Tscherne H, Gotzen L (eds) (1984). Fractures with 

soft tissue injuries. Springer, Berlin Heidelberg New 

York. 

16. Gustilo RB, Anderson JT. Prevention of infection in 

the treatment of one thousand and twenty-five open 

fractures of long bones. J Bone Joint Surg Am. 1976; 

58:453-461 

17. Gustilo RB, Mendoza RM, Williams DN. Problems 

in the management of type III (severe) open 

fractures: a new classification of type III open 

fractures. J Trauma. 1984; 24:742-746 

18. 18- Buckle R, Blake R, Watson JT et al., Treatment 

of complex tibial plateau fractures with the Ilizarov 

external fixator. J Orthop Trauma. 1993 ; 7 :167 

19. Duparc J, Cavagna R. Résultats du traitement 

opératoire des fractures des plateaux tibiaux (à 

propos de 110 cas). Int. Orthop,1987 ; 11 : 205–213. 

https://doi.org/10.1007/BF00271450 

20. Abalo A, Ouedraogo S, James YE, Walla A, Dossim 

A. Fractures des plateaux tibiaux : aspects 

épidémiologiques et thérapeutiques. J. Rech. Sci. 

Univ. Lomé. 2013; 13(1): 47-53 

21. Khatri SS, Rathore KS, Gayal VK, Yadav J. 

Evaluation of functional and radiological outcome 

of tibial plateau fractures Schatzker type V and VI 

treated with dual plating. Int. J. Orthop. Sci. 2017; 

3(2): 150-156 

22. Randriamarotiana TED, Anesy AAC, 

Rohimpitiavana HA, Rabemazava AZL, 

Razafimahandry HJC. Résultat clinique des 

fractures du plateau tibial. IJPSAT. 2025 ; 51(1) 

:385-392 

23. Selim D., Jlidi M., Chams M. Résultats de 

l’ostéosynthèse des fractures Schatzker V et VI du 

plateau tibial : à propos de 70 cas. Résumés des 

communications particulières / 

Rev.  Chir. Orthop. Traumatol 103S (2017) S27-

S145 https://doi.org/10.1016/j.rcot.2017.09.213 

24. Kokkalis ZT, Iliopoulos ID, Pantazis C, 

Panagiotopoulos E. What’s new in the management 

of complex tibial plateau fractures? Injury. 2016; 

47(6): 1162-9.  

25. Egol KA, Su E, Tejwani NC, Sims SH, Kummer FJ, 

Koval KJ. Treatment of complex tibial plateau 

fractures using the less invasive stabilization system 

plate: clinical experience and a laboratory 

comparison with double plating. J Trauma. 2004 ; 

57(2) :340-6.  

26. Weiner LS, Kelley M, Yang E et al., The use of 

combination internal fixation and hybrid external 

fixation in severe proximal tibia fractures. J Orthop 

Trauma. 1995; 9: 244-250 

27. Watson JT, Coufal C. Treatment of complex lateral 

plateau fractures using Ilizarov techniques. Clin 

Ortop. 1998; 353:97-106 

 


