
364  Trakia Journal of Sciences, Vol. 21, № 4, 2023

Trakia Journal of Sciences, No 4, pp 364-374, 2023 

Copyright © 2023 Trakia University 

Available online at: 

http://www.uni-sz.bg 

 ISSN 1313-3551 (online)  doi:10.15547/tjs.2023.04.010 

Review 

SURGICAL TREATMENT OF COMPLEX META-DIAPHYSEAL TIBIAL 

FRACTURES – CURRENT STATE OF THE ART AND NEW TREATMENT 

MODALITIES 

B. Makelov* 

University Multiprofile Hospital for Active Treatment, Trakia University, Stara Zagora, Bulgaria 

ABSTRACT 

Fractures of a meta-diaphyseal region of the tibia are still challenging in terms of safe, fast, minimal 

invasive, low - risk surgical treatment. The unstable meta diaphyseal tibial fractures affect proximal and 

distal one-third of the tibia and result from high-energy trauma, usually combined with severe soft tissue 

injury. Treatment strategies include mostly operative approaches with various contemporary surgical 

instrumentations and modern techniques for definitive fracture repair, achieving primary or secondary bone 

union and better quality of life for patients. In the last decade, new techniques for definitive external plate 

fixation have been introduced as a part of contemporary trauma armamentarium with good and excellent 

outcomes. 
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INTRODUCTION 

The unstable meta diaphyseal tibial fractures 

affect proximal and distal one-third of the tibia 

and result from high-energy trauma, motor 

vehicle accidents, or falls from heights. They 

can have long-term adverse consequences 

associated with significant socioeconomic costs 

[1]. The unstable meta-diaphyseal tibial 

fractures are usually accompanied by severe 

soft tissue trauma, which presents a significant 

challenge to the treating orthopaedic trauma 

surgeon [2, 3]. The soft tissues surrounding the 

knee joint and ankle are easily affected by 

trauma, and subsequent surgical fracture 

fixation further disrupts the primary injured 

blood supply, which is a prerequisite for 

delayed bone union or complications associated 

with postoperative wound healing [4]. The 

contemporary orthopedic treatment has been 

separated into two different directions, one is 

conservative or non-operative, by means of 

closed reduction followed by cast 

Immobilization  of  the  injured  extremity and 

surgical, by means of open reduction and 

internal fixation (ORIF) with plates, with 
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interlocking intramedullary nails (IMN) or by 

using various external fixation 

instrumentations. Conservative treatment 

protocols require a longer time of cast 

immobilisation, confining patients to bed, had 

disadvantages in terms of cast loosening after 

oedema subsidence, followed by secondary 

fracture dislocation within the cast. Non-

operative treatment indications include stable 

tibial fractures with minimal fracture 

dislocation, without intra-articular involvement 

or articular comminution with fragments. The 

open surgical fracture reduction followed by 

internal fixation - ORIF requires extensive 

operative soft tissue exposure, and further 

impairs regional blood supply. That is a 

prerequisite for a serious number of 

complications, in terms of wound breakdown, 

superficial and deep infection, followed by non-

union, or longer treatment period of time with 

impaired work capacity [5]. Interlocking 

intramedullary nailing (IMN) is another metal 

instrumentation, that provides stabilization of 

meta-diaphyseal multifragmentary fractures 

with adequate fracture alignment and 

restoration of limb length discrepancies [6]. The 

risks of IMN are determined by the shape and 

width of the tibial medullary cavity, resembling 

an hourglass, widened in the proximal and distal 

metaphyseal zones and narrowed in the 
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diaphyseal isthmus. From scientific point of 

view, which is the reason for the high incidence 

of axial malalignment, fixation breakdown and 

anterior knee pain, following the IM nailing 

Minimally invasive percutaneous plate 

osteosynthesis - MIPPO is performed through 

small surgical incisions and is more sparing 

with respect to the bone biology, and the 

adjacent soft tissues [7]. Theoretically, a shorter 

time frames for bone healing are expected to 

occur. Despite being anatomically pre-

contoured, locking plates - LCP may permeate 

under the skin, and cause  subsequent surgical 

wound problems at the surgical site, skin 

breakage, followed by superficial or deep peri 

implant infections with delayed or nonunion or 

osteomyelitis. 
 

NOVEL TECHNIQUES ARISING.  

The contemporary (standard) LCP plate 

functions as an internal-external splint, and the 

locking screws provide absolute stability to the 

construct [8] similar to Schantz pins, which are 

also steadily fixed into connecting bars [9]. In 

the last few years, a novel method for definitive 

monolateral external fixation, using 

anatomically pre-contoured metaphyseal 

locking compression plates (LISS-LCP), as a 

one-staged external locked splinting device has 

been reported [10,11]. The locking plates are 

placed over the tibial skin, supercutaneously, 

after adequate closed fracture reduction is 

achieved and stabilizes the fracture site until 

secondary bone union appears [12]. 

 

COMPARATIVE ANALYSIS OF 

STANDARD TREATMENT METHODS. 

1. Proximal tibial fractures with an intra-

articular involvement.  

Bicondylar tibial plateau fractures as a result of 

high-energy trauma are followed by significant 

soft tissue damage. The choice of the 

appropriate time for definitive surgical fixation 

is based on the subjective assessment of the soft 

tissue condition in the area of injury. Immediate 

definitive fixation, due to additional damage to 

the soft tissue envelope, results in a high risk of 

wound complications and deep infections. 

Therefore, staged treatment following natural 

repair of damaged soft tissues is a commonly 

used surgical strategy for diminishing the risk 

of severe complications (Figure 1).  

 

 
Figure1. High-energy, simple intra-articular bicondylar tibial fracture with severe soft tissue injury - AO/OTA - 

41C2.  

 

It consists of the initial provisional external 

fixation by the placement of a temporary 

external fixator, bridging the knee joint, 

followed by definitive fixation within 1 to 3 

weeks from the initial trauma. The modern 

surgical technique that avoids extensile open 

surgical interventions is percutaneous, 

minimally invasive plating with pre-contoured 

LCP plates - MIPPO. There are disadvantages 

with the staged treatment in terms of higher 

costs due to additional surgical procedures, with 

expensive implants, with prolonged or repeated  

hospitalizations. Therefore, delayed or staged 

treatment may increase the difficulty of fracture 

reduction. On the contrary, early definitive 

external fixation might be the method of choice  

 

 

in carefully selected patients with insignificant 

risk of soft tissue complications. [13]. 
 

Bicondylar tibial plateau fractures type 

AO/OTA 41 C or Schatzker type V and VI are 

severe injuries in the knee joint region. A 

surgical approach is generally accepted to 

minimize the risk of joint contractures, 
deformities, and early osteo arthritis but still, there 

is no consensus on the optimal surgical technique. 

The conventional ORIF technique using two 

plates yields equivocal-similar results, but the 

degree of the additional soft tissue trauma 

produces unfavorable soft tissue conditions 
followed by wound complications. Despite 

restoring the anatomic joint congruity and 

achieving a good articular surface by open 

reduction and stable fixation according to the AO-
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principles and early mobilization of the knee joint 

depends on the condition of the surrounding soft 

tissues [14]. 

 

Initial enthusiasm for the introduction of MIPPO 

with locking plates was followed by scepticism 

due to the high incidence of complications, such 

as deep infection in up to 18%, malalignment in 

up to 23%, the need for implant removal in up to 

30% and irritation around the implant site in up to 

12% of cases. Furthermore, clinical and 

biomechanical studies have shown that the results 

of MIPPO with one lateral LP are not superior to 

traditional ORIF with two plates. The need for 

lateral and medial incisions, the volume of the 

implant and the trauma of implant removal, along 

with the significant rate of infectious 

complications, predispose to wound healing 

problems when future total knee arthroplasty is 

required.  

 

External fixation with a ring or hybrid fixator is 

also a viable method. However, patients have 

difficulty accepting bulky external fixators, which 

make knee mobilization and rehabilitation 

difficult and require continuous care of the skin 

around the screw channels. In patients with 

osteoporotic fractures, malunion and/or 

malalignment are uncommon complications. The 

IMN surgical technique, introduced after 

biomechanical testing, combines the use of an 

intramedullary nail together with condylar screws 

to treat bicondylar fractures without joint 

depression [15].  

 

Intramedullary implants distribute the axial forces 

evenly and allow early mobilization with partial 

WB, which is particularly important for the 

elderly patient population.  

Infection rates are lower with IMN than with 

plating or external fixation. Removal of the IMN 

and the canulated condylar screw is a simple 

surgical procedure. Results with follow-up of 

patients for a minimum of one year showed 

normal fracture healing in all patients with healing 

times between 10 and 22 weeks, without further 

complications. In the cited study, only one patient, 

undergone a revision fixation due to poor 

reduction of the articular surfaces and one 

condylar bolt was removed after fracture healing 

due to irritation at the insertion site. In all patients, 

the range of motion in the knee joint was restored 

without prolonged physiotherapy and with full 

WB of the injured limb after the 5th postoperative 

month [15].  

 

The following table systematizes the results of 

several authors on the relationship between intra-

articular congruency and functional outcomes in 

different therapeutic modalities (Table 1). 

 

Table 1. Degree of articular incongruency and functional outcomes from data published from the 

literature [16]. 

Autor 

 

 

 Cases Fx class   Tx modality Functional Score Final results 

Waddell et 

al. (1981) 

95 Lat - 75 

Med - 8  

Bicondylar -12 

ORIF 72%,  

Non op 28% 

Good and excellent 

results -ROM >90° of 

flexion, and <5°  

malalignment, no 

arthritis, no limping. 

Fair with >10 мм lat.condyle 

joint depression  

 

Lansinger et 

al. (1986) 

102 Lat - 70 

Med - 14 

Bicondylar - 18 

Operative 56%,  

Non op 44% 

Rasmussen score Fair with >10 mm joint 

depression 

Honkonen 

(1994) 

131 Lat - 68 

Med - 12  

Bicondylar - 51 

 

 

ORIF 58%,  

Non op 42% 

Honkonen score Fair outcome >3 mm joint 

depression 

Weigel et al. 

(2002) 

18 Schatzker тип 

II=1, IV=1, V=1, 

VI=15 

Limited int fix and 

monolateral ex fix 

Iowa knee score, 

SF-36 

No correlation 

Singleton et 

al. (2017) 

41 Schatzker тип 

II=19, III=2, 

IV=7,V=1, VI=12 

ORIF 85%, CONS 

15% 

Iowa и Oxford scores, 

KOOS, 

WOMAC 

Fair outcome >2,5 мм 

depression, Iowa, Oxford and 

KOOS scoring systems 

 

 

Additionally, a slight varus tilt of up to 5° was 

associated with worse functional outcomes 

compared with an adequately restored anatomic 

axis, with valgus deformity of up to 5° which 

was better tolerated. In another study, [17] 

reported the outcomes after operative or non-

operative treatment of 41 patients with tibial 

plateau fractures A, B and C according to the 

AO/OTA classification. Patients with more than 

2,5 mm of residual joint surface depression as 
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measured by coronal plane tomogram had 

residual pain and significantly lower functional 

scores on the Oxford Knee Score, Iowa Knee 

Score, and KOOS. A biomechanical study 

showed that incongruency in the lateral plateau 

area progressively exacerbated the valgus 

deformity of the knee joint, with a mean 

increase of 7.6° with a 6 mm threshold and 

walking with the leg extended, concomitant 

with a 208% increase in mean contact pressure 

[18]. All this is a prerequisite for the early 

development of arthritic changes in the knee 

joint [19].  
 

The fractures of both tibial condyles are 

unstable and prone to dislocation with 

conservative treatment and that necessitates the 

prevalence of surgical treatment [16]. The 

undisplaced condyle fractures treated 

conservatively with dynamic bracing and 

protective loading had good and excellent final 

results [12]. Comparable results were reported 

for a case series of tibial plateau fractures using 

the ORIF technique [20]. The mean healing 

period or time to fracture union of the nine 

patients with both tibial condyle fractures 

followed, was approximately 3 months [20]. 

Seven patients had good joint surface congruity 

with less than 2 mm gap and two patients had a 

joint surface gap of 4 mm. The mean range of 

motion of the affected joints was 2º in extension 

and 112º in flexion. All patients had restored 

mechanical axes in sagittal and coronal planes 

with satisfactory condyle width. None of the 

patients had symptoms of knee instability. The 

mean postoperative Knee Society Score (KSS) 

was 91. There were no cases of infection in the 

reported group of patients. Another study 

compared the use of a less invasive stabilization 

system for metaphyseal fractures (LISS) to the 

conventional two-plate technique (ORIF) in 84 

patients who sustained an open or closed 

bicondylar proximal tibial fracture [21]. In the 

ORIF group, bone graft was used almost twice 

as often, in 22 versus 12 patients. There were 

significantly more cases of sagittal 

malalignment in the LISS group than in the 

group treated with two plates, in 14.6% versus 

2.3% of patients. At the end of the 2nd year of 

surgery, the results of the two groups were 

similar on the HSS rating scale. Regarding the 

choice of using one pre-contoured, laterally 

applied angle-stable plate (LCP) or two 

conventional plates, contemporary studies have 

found a lower rate of postoperative 

malalignment and better stability when using 

two conventionally placed plates [22]. Another 

author found that the use of polyaxial plates 

facilitated the precise placement of screws in 

the periarticular zones and prevented the risk of 

varus collapse of the short proximal segment 

[23].  
 

Concerning the use of the MIPPO technique 

with pre-contoured LCP-plates, there are 

published data on various complications, such 

as plate-screw breakdown in up to 18% of cases, 

unsatisfactory fracture reduction in up to 23% , 

the need of the implant removal in up to 30%, 

and skin irritation with superficial infection in 

up to 12% of cases [24, 25]. Regardless of the 

potential complications with conventional 

plates, locking plates represent a cutting-edge 

solution to the surgical problem associated with 

unstable tibial fractures, allowing sufficient 

biomechanical stability, due to the pre-

contoured profile, and being highly suitable for 

elderly with severe osteoporosis [26, 27]. The 

MIO (minimally invasive osteosynthesis) 

technique and its variations - MIPPO TARPO 

and LISS-instrumentation - are associated with 

less soft tissue damage, respectively minimal 

blood loss, friendly to the periosteal blood 

supply [7,28]. The instrumentation for insertion 

requires a small surgical lateral approach, 

though  the risk of infectious complications 

remains high, and it could compromise 

subsequent knee arthroplasty replacement [29]. 

Another possible complication associated with 

the use of titanium implants is the so-called 

"cold welding", which makes their removal 

extremely difficult and traumatic. Last but not 

least, the relatively high cost of titanium pre-

contoured LCP plates is another matter of 

concern. There are no clinical studies in the 

current literature comparing the results of using 

conventional versus locking plates for the 

treatment of low-energy unicondylar fractures 

with Schatzker types I-III. There is also a lack 

of consensus on the best method of fixation, as 

well as on the optimal osteosynthetic 

instrumentation or filter for osteoplasty [30].  
 

2. Extra-articular fractures 
Current management of unstable extraarticular 

fractures of the proximal tibia poses several 

challenges in the choice of treatment approach. 

Because of the short proximal fragment, 

treatment by closed reduction and cast 

immobilization does not allow sufficient control 

of the achieved satisfactory limb alignment. 

That is confirmed by the disproportionately 

high incidence of unsatisfactory varus-type 
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deformity followed by the CRIF - conservative 

treatment.   
 

Intramedullary tibial nailing is a standard choice 

for fractures with a long proximal segment and 

preserved soft tissue coverage. The “pollar 

screw” technique prevents the apex-anterior 

malalignment of the limb. Widening of the IM 

canal using the IMN technique with 

intramedullary canal reaming may further 

damage the already affected bone perfusion in 

the fractured zone [15]. The IMN technique can 

be used to stabilize fractures of the proximal and 

distal third of the tibia but is accompanied by a 

high incidence of malunion. Although there are 

lots of variations in fracture patterns and 

operative approaches, most extra-articular 

fractures of the proximal third of the tibia can 

be successfully operated after a thorough 

evaluation of the skin condition, the fracture 

personality and the fracture stability (Figure 2). 

 

 

 

 

 

 

 

 

 
Figure. 2. Extra-articular PNTF with soft tissue injury according to AO/OTA classification 41.A2; 42 

B3a; 42 

On the contrary to successful intramedullary 

fixation of diaphyseal tibial fractures, a high 

incidence of malalignment - valgus and varus 

angulation, apex-anterior angulation, posterior 

translation and malrotation - has been reported 

in the current literature, when IMN is applied 

for proximal meta-diaphyseal tibial fractures. 

Several different reduction and fixation 

techniques with different approaches and entry 

points, for IM nailing techniques have been 

used to minimize the described complications 

[15]. In conclusion, careful placement of an 

intramedullary nail that has a greater proximal 

curvature, the so-called "Herzog's bend", results 

in excellent final clinical outcomes and has the 

features of a low-risk treatment approach. 
 

Nevertheless, the ORIF technique is the gold 

standard, thou associated with frequent soft 

tissue complications. On the contrary external 

fixation remains a treatment option for both 

open and closed fractures. Inadequate fracture 

healing in terms of delayed union, malunion and 

infections along the screw course are frequent 

complications. The multifragmentary high- 

energy, extra-articular metadiaphyseal tibial 

fractures with compromised soft tissue had 

significant fragment dislocation. The complex 

fracture models had severely injured local 

periosteal blood supply and disruption of both 

periosteal and endosteal vessels. Additionally, 

even minimally invasive surgical intervention 

inflicts significant iatrogenic trauma to the soft 

tissue envelope at the fracture site. Internal 

fracture plating in terms of ORIF or MIPPO-

techniques is an appropriate surgical technique 

but in the presence of preserved soft tissue 

coverage. In comminuted fractures, the lateral 

plate is combined with medial external fixation. 

In cases with open or closed soft tissue injuries, 

plates are placed with extreme caution or after 

soft tissue envelope revascularization [26, 31].   
 

RESULTS 

Lindvall et al. compared the results of treating 

extraarticular unstable proximal tibial fractures 

with an intramedullary nail or with 

percutaneous locking plates (MIPPO) and 

evaluated the effect of the techniques used on 

achieving and maintaining fracture repair [31]. 

Both techniques allow the application of 

indirect reposition with minimal additional 

dissection. After a 6-month follow-up of a series 

of twenty patients treated with the IM nailing 

technique, 60% had excellent results, 25% had 

good, and 15% had unsatisfactory results, with 

bone healing time between 12 and 18 weeks. 

[32]. The use of MIPPO allows placement 

without significant incisions and soft tissue 

damage and reduces the risk of subsequent 

complications, infection and nonunion. The 

results of both methods show a statistically 

significant lack of loss of final reduction and 

confirm the stability of both types of 

osteosynthesis constructs. Neither method 

showed a statistically significant advantage. 

Apex-anterior deformity malalignment was the 

most common complication with both 

techniques. Additional open reduction 

techniques were necessary in IM nailing, 
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whereas implant removal was mandatory for 

MIPPO. 
 

Berven et al. [33] compared the results of 

treating PTF type AO/OTA 41 by internal 

fixation methods with a locking plate or with a 

ring external fixator - Ilizarov type. Two groups 

of patients were treated, one group of 62 

patients with PBF and another group of 68 

patients with MIPPO. The union time was 

statistically significantly shorter (P = 0.041) in 

the group treated with MIPPO. The incidence of 

non-union, malalignment, deep infection, 

thrombosis, re-operation, and posttraumatic 

osteoarthritis was comparable. Heterotopic 

ossification was statistically significantly more 

frequently (P = 0.013) in the MIPPO group, and 

the external fixator`s group had a statistically 

significantly higher incidence of superficial 

infection (P < 0.001). The MIPPO with a single 

laterally placed LCP-PTP reduce soft tissue and 

infection complication rates as well as that of 

non-union due to preservation of periosteal 

blood supply. Though MIPPO is a more sparing 

operative technique, worse outcomes such as 

unsatisfactory alignment, secondary deformity 

and varus medial collapse were reported in the 

literature [33]. Due to the stress-distributing 

design of intramedullary implants, they 

redistribute the axial load equally along the 

bone and allow early mobilization and full WB, 

which is extremely important in the 

rehabilitation of elderly patients. When 

comparing IMN with external fixation, which is 

risky and not appropriate in osteoporotic bone 

changes, typical in elderly patients, it was found 

that loss of reduction  and subsequent delayed 

fracture healing in the latter are not uncommon. 

On the other hand, these patients often have pre-

existing traumatic injuries and have trouble 

complying with carrying bulky external 

constructs that make ambulation difficult and 

create difficulties for early rehabilitation. 

Various external fixation instruments are 

suitable for the treatment of almost the entire 

spectrum of unstable metadiaphyseal tibial 

fractures. In selected cases of trauma, several 

types of external fixators are applied as a 

temporary external fixation device. Definitive 

external fixation is achieved with large, single-

tube external fixation systems, the Ilizarov ring 

fixator, or various combinations of half-ring and 

single-tube systems known as hybrid fixators. 

The combination of limited internal 

osteosynthesis  with a hybrid external fixator is 

a method that relies on indirect reposition 

techniques and percutaneous screw fixation of 

the intra-articular component of the fracture. 

The role of the external fixator is to maintain the 

correct axial and coronal alignment orientation 

of the fracture until it bone heals. It effectively 

support the comminuted medial cortical bone. 
 

The main advantages of the method are related 

to its minimal invasiveness, the possibility of 

immediate active movement of the adjacent 

joints and partial  loading of the injured limb. In 

the literature, the analysis of the treatment 

outcomes of a series of 418 patients with 

proximal tibial fractures treated with LCP plates 

compared to those treated with ORIF and MIO 

HF, infections and wound complications were 

reported with an incidence of 8% despite the 

low invasiveness of the MIPPO technique. That 

complication rate is lower than that of the ORIF 

series, but higher than that reported in the MIO 

HF series at 2.3%. There was also a higher 

malposition rate of 15.1% in the MIPPO series 

compared with the MIO HF series, with 

comparable functional outcomes [14]. 

Comparative analysis of the final functional 

outcomes of the series of 1280 patients treated 

with the three different techniques described in 

the literature shows that the MIO HF technique 

is superior to ORIF with conventional plates 

and comparable to the MIPPO technique with 

LCP plates.  

 

In patients with proximal tibial fractures treated 

with hybrid fixator alone, the proportions of 

infectious complications of cases with 

arthrodesis and osteoarthritic changes were the 

lowest when compared with the surgical 

techniques discussed above. Malalignment rates 

in the entire group did not exceed 5% and were 

comparable to the other surgical methods. The 

comparative analysis of the results of the 

treatment of 980 distal tibial fractures showed 

that, in terms of functional recovery, the method 

using a hybrid fixator was superior to ORIF and 

the staged approach, and was comparable to the 

results of patients treated with MIO HF [14]. 

  

The reported rate of deep infections was 

significantly lower than ORIF, lower than that 

of patients treated with the staged approach, and 

comparable to that of patients treated with MIO 

HF.  
 

The method offers a solution to the problem of 

deep infections in the treatment of pilon 

fractures. The overall rate of deep infections 

was lowest with the MIO HF technique, not 
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exceeding 5% in any reported series. The main 

disadvantage of MIO HF is related to pin-track 

inflammation  in about 20% of cases, and it was  

mostly low-grade [14, 19]. The use of 

minimally invasive osteosynthesis techniques 

and an Ilizarov-type ring fixator has been 

recommended as a surgical option to minimize 

complications from the use of ORIF, especially 

in patients with multifragmentary tibial 

fractures of the AO/OTA C type. Although 

minimally invasive indirect reduction is usually 

associated with insufficient anatomic alignment 

of the intra-articular component, good 

functional results have been achieved by using 

this approach. Pirani et al. compared the use of 

a ring fixator combined with percutaneous 

screw application (hybrid fixation) to standard 

technique (ORIF) in patients with open or 

closed tibial plateau fractures of Schatzker type 

V-VI [32]. Outcomes of the two groups with a 

total of 66 patients were measured using 

generally accepted rating scales (WOMAC, 

HSS, SF-36) two years after surgery. Seven, or 

18%, of the 40 patients in the ORIF group had 

deep infection, and patients in the hybrid 

fixation group had a lower risk of unplanned 

reoperation [32]. 

  

In a more recent study, hybrid definitive  EF 

was found to be the most soft tissue sparing 

technique, with comparable final results to 

internal plate fixation [10]. Other authors, after 

a comparative analysis of the outcomes of 

single-stage hybrid EF and staged treatment 

with double plate internal fixation, reported a 

lower rate of deep infections with a slightly 

higher rate of superficial infections and a 

relatively higher rate of poor bone healing and 

posttraumatic arthritis, associated with hybrid 

external fixation [10, 34]. 

 

NEW TREATMENT MODALITIES 
The novel surgical method – locked 

externalized plate satbilization was later termed 

supercutaneous stabilization and it was  applied 

for the treatment of Gustilo type II and IIIA 

open fractures, nonunions and deep bone 

infections [6]. Though the preliminary clinical 

results are favorable, a few experimental studies 

has discussed the biomechanics of locked 

externalized plating based on FEA modeling 

and just one study has been reported to clarify 

the biomechanical issues related to the size and 

magnitude of the fracture defect (gap), to the 

distance between the bone and the plate (offset), 

and to the values of the parameters allowing to 

achieve a state of relative stability combined 

with early partial loading of the limb [10-12]. 

Recently, the use of externally placed locking 

plates as a surgical  method in selected patients 

with unstable fractures of the tibial meta-

diaphysis, has been increasingly reported in the 

current literature [2, 6, 10, 34]. Super cutaneous 

fracture fixation is still a new and controversial 

but not unusual surgical method for precisely 

indicated (high-energy) multifragmentary tibial 

fractures with severe soft tissue injury [35-38]. 

A similar, to the externalized locked plating, 

surgical technique for one-staged fracture 

treatment for the first time was reported in 

Poland, several decades ago by using an 

external splinting device – The Zespol System 

[39].  Initially, the technique of externalized 

locked plating was introduced in the treatment 

of open fractures and nonunions, septic arthritis, 

and as an adjunctive external stabilization in 

bone lengthening by distraction osteogenesis [3, 

6, 35, 36]. Locked external plating (LEP), 

locked externalized fracture stabilization or 

Single stage Externalized Locked Plating 

(SSELP) are terms that describe the LCP plate 

application as a monolateral external splinting 

device for definitive surgical treatment of 

unstable meta-diaphyseal tibial fractures 

[37,38]. These fractures, due to their short 

proximal metaphyseal segment spanning the 

well-blooded tibial condylar zone and - 

combined with significant soft tissue trauma - 

are good candidates for external locked plate 

fixation. In the area of the anteromedial aspect 

of the tibia, the subcutaneous tissue is thin, and 

there are no vital vessels, nerves, or muscles that 

would be jatrogenic injured after the previously 

performed indirect closed fracture repair. When 

closed reduction is not possible, minimal 

fenestration holes with/or stab incisions are 

used. Thus, the plate functions on the principle 

of a buttressing monolateral external splint with 

attachment to the bone by angularly stable 

locking screws penetrating both cortices of the 

underlying tibia whenever possible and locking 

to corresponding holes in the metal splint. This 

facilitates the early patient mobilization and 

ambulation, makes the patient handling easy 

and simple. The maintenance of bone-

penetrating screw hygiene and creates an 

aesthetically more acceptable design for the 

patient compared to the wide range of 

traditional external fixators systems, such as 

monolateral, hybrid, ring, or hexapod designs 

[2]. Definitive surgery is performed using the 

LISS fixator, which is an anatomically 
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contoured locking metaphyseal plate, the LCP, 

used as an external fixator and originally 

designed for the operative treatment of 

supracondylar femoral fractures – A One-Stage 

Locked Externalized Plating (Figure 3), [38].  

Figure 3. Locked External Plate Stabilization (LEPS) and after externalized plate removal. 

The locked external plate stabilization (LEPS) 

with angle-stabled plates is an effective method 

for a safe external biological stabilization called 

"biological plating" by Peren and Ganz in the 

treatment of primary complicated 

multifragmentary UTF. Through the application 

of LEPS, uneventful natural (secondary) bone 

healing is achieved with the formation of a solid 

callus within the accepted standard time frame.  

The novel technique - LEPS is comfortable for 

primary wound care and faster patient quality of 

life recovery, facilitating smooth return to a 

normal daily lifestyle (figure 4).  

Figure 4. Excellent clinical and functional results with 60 months follow up. 

The use of  LCP plates is particularly suitable 

for the treatment of elderly patients with 

osteoporosis, due to minimal trauma of the 

SSELP fixation and the expected optimal 

stability of fixation. However, the low 

complication rates and excellent functional 

results in the adjacent knee and ankle joints are 

still insufficient convincing evidence for the 

widespread acceptance and application of the 

method. Recently, many authors have presented 

clinical results demonstrating successful bone 

healing within generally accepted time ranges in 

the treatment of unstable meta-diaphyseal, 

proximal and distal, tibial fractures [2, 35-40]. 

Further experimental studies and randomized 

multicentric clinical trials with larger series of 

patients are necessary to pave the way of its use 

in clinical practice. 

CONCLUSION 
Anatomically precontoured locking plates have 

been successfully used in the treatment of tibial 

plateau fractures and multifragmentary 

fractures in the metadiaphyseal transition zone. 

The locking plate can be positioned proximal-

cephalad or distal-caudal, submuscular with a 

minimally invasive technique thus functions as 

an "internal-external fixator". Advantages of the 

locking plate include preservation of blood 

supply and better resistance to bending and 

twisting forces compared to conventional non-

locking plate systems. Factory precontouring 

saves time and does not require pre-bending of 

the plate during handling.  

Intramedullary tibial nailing is a standard choice 

for fractures with a long proximal segment and 

preserved soft tissue coverage. The “pollar 

screw” technique prevents the apex-anterior 

malalignment of the limb. In conclusion a 

careful placement of an intramedullary nail that 

has a greater proximal curvature result in 

excellent final clinical outcomes and has the 

features of a low-risk treatment approach. 

The supracutaneous locked plating – a novel 

technique called Single-Stage Externalized 
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Locked Plating, may provide a well-

performing and easily applicable surgical 
instrumentation, if compared to the standard 

monolateral external fixators. The most 

specific characteristic is the small and 

convenient profile and shape of SSELP. From 

an aesthetic and economic point of view, 

Single-Stage Externalized Locked Plating is 

more acceptable for multiple trauma patients 

with complex, high-energy tibial fractures, in 

terms of low profile, comfortable design and 

simplicity of the system, which makes it a 

promising surgical option. The advantages of 

this approach are related to the optimal angular 

stability of the plate-screw interface, the 

ductility of the construct, a save, fast and easy 

technique with low learning curve, and 

minimal  inflammatory complications 

compared with traditional external fixation 

techniques.  
REFERENCES 
1. Azevedo Filho FA, Cotias RB, Azi ML,

Teixeira AA. Reliability of the radiographic

union scale in tibial fractures (RUST). Rev

Bras Ortop.;52(1):35-39.; doi:

10.1016/j.rboe.2016.05.006; 2016.

2. Ebraheim NA, Carroll T, Hanna M, Zhang J,

Liu J. Staged treatment of proximal tibial

fracture using external locking compression

plate. Orthop Surg.; 6(2):154-157.

doi:10.1111/os.12101; 2014.

3. Qiu XS, Yuan H, Zheng X, Wang JF, Xiong

J, Chen YX. Locking plate as a definitive

external fixator for treating tibial fractures

with compromised soft tissue envelop. Arch

Orthop Trauma Surg.;134(3):383-388.

doi:10.1007/s00402-013-1916-1; 2014.

4. Lau TW, Leung F, Chan CF, Chow SP.

Wound complication of minimally invasive

plate osteosynthesis in distal tibia fractures.

Int Orthop.;32(5):697-703.

doi:10.1007/s00264-007-0384-z; 2008.

5. Janssen KW, Biert J, van Kampen A.

Treatment of distal tibial fractures: plate

versus nail: a retrospective outcome analysis

of matched pairs of patients. Int

Orthop.;31(5):709-714.

doi:10.1007/s00264-006-0237-1, 2007.

6. Apivatthakakul T, Sananpanich K. The

locking compression plate as an external

fixator for bone transport in the treatment of

a large distal tibial defect: a case report.

Injury.;38(11):1318-1325. doi:

10.1016/j.injury.2007.05.005, 2007.

7. Krettek C, Schandelmaier P, Miclau T,

Tscherne H. Minimally invasive

percutaneous plate osteosynthesis (MIPPO)

using the DCS in proximal and distal

femoral fractures. Injury.;28 Suppl 1: A20-

A30. doi:10.1016/s0020-1383(97)90112-1,

1997. 

8. Tulner SA, Strackee SD, Kloen P.

Metaphyseal locking compression plate as

an external fixator for the distal tibia. Int

Orthop.;36(9):1923-1927.

doi:10.1007/s00264-012-1585-7, 2012.

9. Woon, C.YL., Wong, MK. & Howe, TS.

LCP external fixation - External application

of an internal fixator: two cases and a review

of the literature. J Orthop Surg Res 5, 19.

https://doi.org/10.1186/1749-799X-5-19,

2010. 

10. Ma CH, Wu CH, Tu YK, Lin TS.

Metaphyseal locking plate as a definitive

external fixator for treating open tibial

fractures--clinical outcome and a finite

element study. Injury.;44(8):1097-1101. doi:

10.1016/j.injury.2013.04.023, 2013.

11. Makelov, B.; Silva, J.D.; Apivatthakakul, T.;

Gueorguiev, B.; Varga, P. Externalized

locked plating of unstable high energy

proximal tibial fractures. A FEA study. Bul.

J. Orthop. Trauma, 56, 113–138. 2019.

13. Virkus WW, Caballero J, Kempton LB,

Cavallero M, Rosales R, Gaski GE. Costs

and Complications of Single-Stage Fixation

Versus 2-Stage Treatment of Select

Bicondylar Tibial Plateau Fractures. J

Orthop Trauma. Jul;32(7):327-332. doi:

10.1097/BOT.0000000000001167. PMID:

29920192. 2018.

14. Andonov J. Minimally invasive reduction

and osteosynthesis combined with a hybrid

external fixator in complex fractures of the

proximal and distal tibia. Thesis. Ruse.,

2012. 

15. Garnavos C. Intramedullary Nailing with a

Suprapatellar Approach and Condylar Bolts

for the Treatment of Bicondylar Fractures of

the Tibial Plateau. JB JS Open Access. Apr

18;2(2): e0017. doi: 

10.2106/JBJS.OA.16.00017. PMID: 

30229216; PMCID: PMC6132469. 2017.

16. Honkonen, S.E. Indications for Surgical

Treatment of Tibial Condyle Fractures.

Clinical Orthopaedics and Related



MAKELOV B. 

Trakia Journal of Sciences, Vol. 21, № 4, 2023 373 

Research, 302, 199-205. 

http://dx.doi.org/10.1097/00003086-

199405000-0003, 1994. 

17. Singleton N, Sahakian V, Muir D. Outcome

After Tibial Plateau Fracture: How

Important Is Restoration of Articular

Congruity? J Orthop Trauma.;31(3):158-

163. doi:10.1097/BOT.0000000000000762;

2017. 

18. Bai B, Kummer FJ, Sala DA, Koval KJ,

Wolinsky PR. Effect of articular step-off and

meniscectomy on joint alignment and

contact pressures for fractures of the lateral

tibial plateau. J Orthop Trauma.;15(2):101-

106. doi:10.1097/00005131-200102000-

00005; 2001. 

19. Simeonov. E., Baltov E., Kovachev V.,

Shargabi A. Osteochondral Mosaicplasty for

the Treatment of Focal Chondral and

Osteochondral Lesions of the Knee and

Talus: Indications, Tehniques and Results.

Journal of Biomedical and Clinical

Research, 1, vol. 7, стр. 50-56; ISSN: 1313-

6917; 2014

20. Raykov D. Fractures of the tibial plateau -

open reposition and internal fixation. Union

of Scientists - Varna, 2'2012, vol. XVII,

2012. 

21. Jiang R, Luo CF, Wang MC, Yang TY, Zeng

BF. A comparative study of Less Invasive

Stabilization System (LISS) fixation and

two-incision double plating for the treatment

of bicondylar tibial plateau fractures.

Knee.;15(2):139-143. doi:

10.1016/j.knee.2007.12.001; 2008.

22. Higgins TF, Klatt J, Bachus KN.

Biomechanical analysis of bicondylar tibial

plateau fixation: how does lateral locking

plate fixation compare to dual plate fixation?

J Orthop Trauma.;21(5):301-306.

doi:10.1097/BOT.0b013e3180500359;

2007. 

23. Haidukewych G, Sems SA, Huebner D,

Horwitz D, Levy B. Results of polyaxial

locked-plate fixation of periarticular

fractures of the knee. J Bone Joint Surg

Am.;89(3):614-620.

doi:10.2106/JBJS.F.00510; 2007

24. Nikolaou VS, Tan HB, Haidukewych G,

Kanakaris N, Giannoudis PV. Proximal tibial

fractures: early experience using polyaxial

locking-plate technology. Int

Orthop.;35(8):1215-1221. 

doi:10.1007/s00264-010-1153-y; 2011. 

25. Gosling T, Schandelmaier P, Muller M,

Hankemeier S, Wagner M, Krettek C. Single

lateral locked screw plating of bicondylar

tibial plateau fractures. Clin Orthop Relat

Res.; 439:207-214. doi:10.1097/00003086-

200510000-00036; 2005.

26. Stannard JP, Wilson TC, Volgas DA, Alonso

JE. The less invasive stabilization system in

the treatment of complex fractures of the

tibial plateau: short-term results. J Orthop

Trauma.;18(8):552-558.

doi:10.1097/00005131-200409000-00012;

2004. 

27. Lowe JA, Tejwani N, Yoo B, Wolinsky P.

Surgical techniques for complex proximal

tibial fractures. J Bone Joint Surg

Am;93(16):1548-1559.; 2011.

28. Apivatthakakul T, Arpornchayanon O.

Minimally invasive plate osteosynthesis

(MIPO) combined with distraction

osteogenesis in the treatment of bone

defects. A new technique of bone transport:

a report on two cases. Injury.;33(5):460-465.

doi:10.1016/s0020-1383(02)00010-4; 2002.

29. Vince KG, Abdeen A. Wound problems in

total knee arthroplasty. Clin Orthop Relat

Res.; 452:88-90. doi:

10.1097/01.blo.0000238821.71271.cc;

2006. 

30. Mahadeva D, Costa ML, Gaffey A. Open

reduction, and internal fixation versus

hybrid fixation for bicondylar/severe tibial

plateau fractures: a systematic review of the

literature. Arch Orthop Trauma

Surg.;128(10):1169-1175.

doi:10.1007/s00402-007-0520-7; 2008.

31. Lindvall E, Sanders R, Dipasquale T,

Herscovici D, Haidukewych G, Sagi C.

Intramedullary nailing versus percutaneous

locked plating of extra-articular proximal

tibial fractures: comparison of 56 cases. J

Orthop Trauma.;23(7):485-492.

doi:10.1097/BOT.0b013e3181b013d2;

2009. 

32. Lee TC, Huang HT, Lin YC, Chen CH,

Cheng YM, Chen JC. Bicondylar tibial

plateau fracture treated by open reduction

and fixation with unilateral locked plating.

Kaohsiung J Med Sci.;29(10):568-577. doi:

10.1016/j.kjms.2013.01.006; 2013.



MAKELOV B. 

374  Trakia Journal of Sciences, Vol. 21, № 4, 2023

33. Berven H, Brix M, Izadpanah K, Kubosch

EJ, Schmal H. Comparing case-control study

for treatment of proximal tibia fractures with

a complete metaphyseal component in two

centers with different distinct strategies:

fixation with Ilizarov frame or locking

plates. J Orthop Surg Res. May

22;13(1):121. doi: 10.1186/s13018-018-

0792-3. PMID: 29788992; PMCID:

PMC5964904. 2018.

34. Phisitkul P, McKinley TO, Nepola JV, Marsh

JL. Complications of locking plate fixation

in complex proximal tibia injuries. J Orthop

Trauma.;21(2):83-91.

doi:10.1097/BOT.0b013e318030df96;

2007. 

35. Tornetta P 3rd, Ricci WM, Ostrum RF (eds.)

Rockwood and Green's Fractures in Adults.

Lippincott Williams & Wilkins, 2019

36. Kerkhoffs GM, Kuipers MM, Marti RK, Van

der Werken C. External fixation with

standard AO-plates: technique, indications,

and results in 31 cases. J Orthop

Trauma.;17(1):61-64.

doi:10.1097/00005131-200301000-

0001012. 2003.

37. Kloen P. Supercutaneous plating: use of a

locking compression plate as an external

fixator. J Orthop Trauma.;23(1):72-75.  

2009. 

38. Makelov, B.; Mischler, D.; Varga, P.;

Apivatthakakul, T.; Fletcher, J.W.A.;

Veselinov, D.; Berk, T.; Raykov, D.;

Gueorguiev, B. Single-Stage Externalized

Locked Plating for Treatment of Unstable

Meta-Diaphyseal Tibial Fractures. J. Clin.

Med., 12, 1600. 

https://doi.org/10.3390/jcm12041600;

10.1097/BOT.0b013e31818f8de4; 2023.

39. Makelov, B. Definitive Damage Control

Orthopedics of Complicated

Metadiaphyseal Tibial Fractures with

Locked Externalized Stabilization. A Novel

Surgical Approach. J. of IMAB - Annual

Proceeding (Scientific Papers),vol. 28,

Supplement 12; Section Medicine; ISSN:

1312773X; https://www.journal-imab-

bg.org., https://dx.doi.org/10.5272/jimab.;

Supplement1,161-164, 2022.

40. Ramotowski W, Granowski R. Zespol. An

original method of stable osteosynthesis.

Clin Orthop Relat Res.;(272):67-75. 1991.

41. Marti RK, van der Werken C. The AO-plate

for external fixation in 12 cases. Acta Orthop

Scand.;62(1):60-62.

doi:10.3109/17453679108993094; 1991.

https://doi.org/10.3390/jcm12041600
https://www.journal-imab-bg.org/
https://www.journal-imab-bg.org/
https://dx.doi.org/10.5272/jimab

