
ORTHOPEDICs RESEARCH AND TRAUMATOLOGY

ISSN 2473-0963

Open Journal

Leonid N. Solomin, MD, PhD1,2*; Fanil K. Sabirov, MD, PhD1; Matthew Fletcher, MD, PhD3; Arvid B. Abolin, MD, PhD2

1Vreden Russian Research Institute of Traumatology and Orthopedics, St. Petersburg, Russia
2St. Petersburg State University, Medical Faculty, Department of General Surgery, St. Petersburg, Russia
3Dawson Creek and District Hospital, Dawson Creek, Canada

*Corresponding author 
Leonid N. Solomin, MD, PhD 
Vreden Russian Research Institute of Traumatology and Orthopedics, St. Petersburg, Russia; E-mail: solomin.leonid@gmail.com

Article information
Received: March 21st, 2018; Revised: April 25th, 2018; Accepted: May 3rd, 2018; Published: May 3rd, 2018

Cite this article
Solomin LN, Sabirov FK, Fletcher M, Abolin AB. Complications in the combined and consecutive use of external and internal fixation of the femur with reference 
to use of the Extracortical Clamp Device. Orthop Res Traumatol Open J. 2018; 3(1): 20-25. doi: 10.17140/ORTOJ-3-112

Complications in the Combined and Consecutive Use  
of External and Internal Fixation of the Femur with  
Reference to Use of the Extracortical Clamp Device

Original Research | Volume 3 | Issue 1| 20

 ABSTRACT

    Copyright 2018 by Solomin LN. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which 
allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.

cc

Original Research 

Aim
The Extracortical Clamp Device (ECD) is a novel external fixation component which unlike conventional implants does not 
perforate long bone cortices. Therefore, it simplifies methods of  combined and consecutive internal and external fixation, peri-
prosthetic fracture osteosynthesis and deformity correction. This study compared the incidence of  complications with the use of  
the ECD in combined external fixation of  the femur.
Methods
A prospective controlled study was designed with one group including 66 frames assembled using the ECD. These were compared 
with the second group of  29 frames utilising a combination of  external and internal fixation, the latter comprising conventional 
wires and pins only.
Results
In the ECD group, pin tract infection was identified in 14.8% of  cases. In these patients, infection occurred in 45.5% of  all fixa-
tion elements; of  these, 18.2% occurred around the ECD. In the WP (only wired and pins) group pin tract infection occurred 
in 29.2% cases. ECD fracture occurred in one case (3.7%). In the WP group, transosseous element breakage occurred in 3 cases 
(13.6%). In the treatment of  periprosthetic fractures and deformities using the ECD, pin tract infection was seen in 16.7%. In 
the treatment of  similar fractures and deformities not associated with an endoprosthesis, pin tract infections were seen in 21.5% 
of  cases. 
Conclusion
In this study we have demonstrated that the ECD does not increase the number of  complications specific to external fixation. 
All resultant complications applicable to the ECD were addressed by conservative measures, and did not affect the outcome. 
The use of  the ECD eliminates complications and concerns in combined osteosynthesis such as obstruction and jamming of  an 
intramedullary device; fretting wear due to contact with half  pins or wires and endoprosthesis; loss of  torsional control as seen 
not uncommonly with half  pins; the reduction in frame stability due to the use of  smaller pins; and the risk of  pin or wire cut-out 
due to eccentric placement.
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INTRODUCTION

Combining the advantages of  external fixation and locking nail-
ing can reduce the risk of  complications, increase the comfort of  
treatment for the patient in the treatment of  fractures, correction 
of  varying complexity deformations, and reconstruction of  seg-
mental defects in long bones.1-4 There are 4 accepted groups of  
techniques that combine external fixation and nailing: 

1. External Fixation Assisted Nailing in the treatment of  fractures 
and correction of  deformities of  long bones – EFAN 

2. Sequential External Fixation and Nailing – SEFaN
3. Lengthening Over Nail – LON
4. Bone Transport Over Nail – BTON 

 A critical step in the execution of  these techniques is to 
insert the transosseous elements in such a way as to exclude their 
contact with the intramedullary device. One way to address this is 
to eccentrically place the wires and pins. This is technically difficult, 
and risks the transosseous elements cutting out. The use of  smaller 
diameter pins reduces the rigidity of  osteosynthesis. The possible 
deflection of  a transosseous element by the intramedullary device 
increases the risk of  inadvertent trauma to regional neurovascular 
structures. Most frequently these difficulties are observed in femo-
ral osteosynthesis.5-7 

 The extracortical clamp device (ECD) was developed by 
the Vreden Russian Research Institute of  Traumatology and Or-
thopedics as a solution to these problems. The ECD allows the 
capture of  bone segments by external fixation frames despite the 
presence of  large intramedullary foreign bodies i.e. an intramedul-
lary nail or endoprosthesis (Figure 1). 

 
 Biomechanical studies have shown that the use of  the 
ECD increases the rigidity of  fixation of  the bone fragment by 
modules of  the first and second orders. The first order module 
provides the greatest rigidity of  osteosynthesis when two ECDs 
are inserted at a distance of  50 mm at an angle of  60 degrees with 
respect to each other. Even greater stiffness is generated when the 
ECD is introduced at a distance of  100 mm and fixed to two cir-
cumferential rings (M2).8 

 The ECD is thus a tool to simplify EFAN, SEFaN, LON 
and BTON techniques and reduce the risk of  complications. The 
use of  the ECD thus eliminates the problems and risks associated 
with the conflict between transosseous elements and the intraosse-
ous device. 

 As previously mentioned, the stability of  osteosynthesis 
with the use of  the ECD has been proved experimentally. How-
ever, the ECD has significant design differences compared to stan-
dard half-pins. Firstly, the diameter is larger at 8 mm (half-pins for 
osteosynthesis of  the femur are typically 5-6 mm), and therefore 
the soft tissue approach is somewhat larger. To insert the ECD, 
an incision of  up to 4 cm is required, not the usual 6 mm incision 
puncture, which is used for half-pins. The construct of  the ECD 
can be envisioned as a cannula – there is a potential space between 
the central pin and the hub of  the ECD. These three consider-
ations potentially increase the risk of  infectious complications.8 

 Secondly, for osteosynthesis solid linear half-pins are tra-
ditionally used. The ECD construct design does generate a stress 
riser at the junction of  the clamp and the hub. These design as-
pects potentially increase the risk of  fracture of  ECD.9 

 Whilst other parameters that are observed in external fix-
ation (fixation index, osteosynthesis index, deformation correction 
accuracy, elongation or replaceable defect length, the appearance 
of  contractures, etc.) are undoubtedly important, these are fre-
quently specific to different modalities of  frame treatment. There-
fore, the inclusion criteria for enrollment in the study included the 
consideration that the clinical group used for comparison (using 
only traditional transosseous elements) should have a similar dura-
tion of  the fixation period in the frame, the timing of  correction, 
and identical pathology. 

 The following study was designed to determine whether 
use of  the ECD was associated with an increased frequency or the 
severity of  soft tissue inflammation/pint track infection or compo-
nent fracture complications in the femur. 

MATERIALS AND METHODS 

This study was approved by the Institution Review Board. The 
study was a prospective controlled. The first study cohort utilizing 
the ECD consisted of  66 patients ECD. The second comprised 
29 patients using traditional K-wires and half-pins (WP) (Table 1). 

 

 The ‘other’ method included 2 cases of  femoral fixation 
in canal osteomyelitis and 3 cases of  knee contracture distraction 
with an intramedullary device in situ.

 To permit statistical analysis of  the data, the number of  
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Figure 1. Extracortical Clamp Device. A - in Disassembled and Assembled form. B - Fixation of 
the Bone Fragment to the Support of the Apparatus

Table 1. Distribution of Patients by Group

Method ECD WP

EFAN 22 (33.3%) 7 (24.1%) 

SEFaN 9 (13.6%) 10 (34.5%) 

LON 13 (19.7%) 9 (31.0%) 

BTON 5 (7.6%) 3 (10.4%) 

Periprosthetic fracture osteosynthesis 6 (9.1%) - 

Correction of periprosthetic deformity 6 (9.1%) - 

Other 5 (7.6%) - 

Total 66 (100%) 29 (100%) 
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patients in the subgroups of  SEFaN, LON and BTON was com-
bined. As seen in Table 2, these two subgroups were comparable 
in the most critical parameters of  external fixation, and, conse-
quently, deemed analogous. 

 For the compared parameters the statistical lack of  sig-
nificance (p>0.05), indicating the data of  the group was not com-
paratively different. 

 In the patient 27 of  the ECD group, defect osteogenesis 
above the nail was performed in several stages without frame revi-
sion over a 22 month period. There was no similar fixation period 
in the control group. Therefore, this case was not considered in 
Table 2, but is included in the analysis of  complications and is 
presented as a clinical example. 

 In treating periprosthetic deformations and fractures, 
sole use of  only traditional transosseous elements was not per-
formed. Therefore, for comparison, we used data from a similar 
study of  femoral fractures and deformation in the absence of  a 
femoral endoprosthesis.10,11 The inclusion criteria were identical to 
the duration of  frame fixation. 

 Statistical analysis was carried out using the STATISTI-
CA 10. The criterion for the statistical reliability of  the difference 
was deemed to be p<0.05. 

RESULTS AND DISCUSSION

Table 3 presents the summarized complications for both “com-
bined” and “sequential” techniques. 

 In both groups, the most common complication was in-
fection around ECD, K-wires, half-pins. It should be noted that of  
the 4 occurrences in the ECD group, infection arose in a total of  
four extracortical fixators and in six traditional transosseous ele-
ments. In the WP group, infection occurred in a total of  seven 
traditional transosseous elements. Thus, in the ECD group, 45.5% 
of  all fixation elements used in the frame had an infection; of  these 
18.2% were accounted for by the ECD. In the WP group, 29.2% 
of  all fixation elements used in the assembly had an infection. The 
ratio of  the total number of  transosseous elements in the ECD 
and WP groups was 1:1.2, respectively. Thus, infection of  the   ECD 
tracts did not exceed the number of  occurrences of  pin tract in-
fection using traditional transosseous elements and does not dif-
fer significantly when using only traditional transosseous elements 
(p>0.05). 

 In all cases the infection was superficial, it settled with 
conservative management, and did not affect the outcome. The lit-
erature confirms that pin tract infection in traditional transosseous 
osteosynthesis ranges from 8.2% to 96%,12-16 and with combined 
osteosynthesis ranges from 7% to 38%.1,2,6 

Table 3. The Frequency of Complications Sharing External and Internal Fixation

Complication Group ECD Group WP

ECD/ transosseous element infection 4 (14.8%) 4 (18.2%) 

Instability of the ECD or transosseous element 1 (3.7%) - 

Fracture of the ECD or transosseous element 1 (3.7%) 3 (13.7%) 

Interference/obstruction of the intramedullary device 1 (3.7%) 2 (9.1%) 

Neuropathy 3 (11.1%) 1 (4.5%) 

Contracture of the knee joint 2 (7.4%) 1 (4.5%) 

Without complications 15 (55.6%) 11 (50%) 

Total complications 12 (44.4%) 11 (50%) 

Table 2. Parameters of Transosseous Osteosynthesis

Index Group ECD (26 cases*) Group WP (22 cases) p 

Lengthening (cm ) 4.23±1.56 3.89±1.76 0.64 

Lengthening time with LON (days) 51.69±23.8 46.44±22.15 0.61 

Index of elongation  (days/cm) 11.91±2.39 12.07±1.6 0.86 

Duration of fixation in LON (days) 77.38±46.14 78.44±51.46 0.96 

External Fixation Index in LON, (days/cm) 17.37±6.3 19.16±5.5 0.5 

Defect length (cm) 6.63±0.95 6.0 0.42 

Lengthening time with BTON (days) 108.75±26.74 115.0±14.38 0.67 

Index of elongation (days/cm ) 16.27±1.85 19.17±4.6 0.19 

Duration of fixation in BTON (days) 126±29.79 148.33±31.79 .58 

External Fixation Index in BTON (days/cm) 18.85±1.91 24.72±5.3 0.21 
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 Loosening of  one ECD by the end of  the period of  dis-
traction (121 days after the operation) did not coincide with in-
fection and did not affect the outcome. A possible cause for this 
was the patient’s non-compliance with the management protocol. 
However, the ECD migrated into a somewhat angular position and 
did not completely lose its stability.

 Fracture of  the ECD at the junction of  the clamp and 
hub occurred in one case when the frame was removed; this ECD 
had remained in situ for 22 months. There were no fractures of  
traditional transosseous elements in the ECD group. In the WP 
group there were 3 occurrences of  fracture of  half-pins; in one 
case, a replacement transosseous element was required. We did not 
find an increased incidence of  implant fracture with use of  the 
ECD when compared to traditional transosseous elements.

 Other complications that occurred during treatment of  
both groups of  patients, in our opinion, were not directly related to 
the use of  specific fixation elements. Capture and obstruction of  
an intramedullary nail during distraction arose once in each group. 
In the ECD group this was due to the requirement, in addition to 
lengthening, to also eliminate the torsional component of  defor-
mation. In the WP group this occurred during attempts to length-
en the femur over an existing nail, without additional reaming of  
the medullary canal. 

 The development of  sciatic nerve neuropathy (2 cases in 
the ECD group, 1 case in the WP group) was not associated with 
the use of  fixation elements; all elements were inserted accord-
ing to the recommended positions for transosseous element place-
ment.6 The same can be said for contractures of  the knee joint (2 
in the ECD group, 2 in the WP group). 

 In the treatment of  periprosthetic fractures (ECD-P), 
of  the 2 clinical observations of  pin tract inflammation, these ap-
peared in 2 ECD and 3 half-pins (20.0%). Thus, the ECD group 
had an infection of  33.3% of  all the fixation element tracts (15 
elements in total); of  these, the ECD accounted for 13.3%. In the 
treatment of  a similar pathology without the presence of  an en-
doprosthesis (WP-P)1,5 pin tract complications were diagnosed in 
21.5% of  cases. In total, 18.7% of  fixation elements were affected. 
The remaining complications, such as sciatic neuropathy (8.3% in 
ECD-P and 1.9% in WP-P) and knee joint contractures (0% in 
ECD-P and 11.5% in WP-P) did not depend on the use of  external 
fixation elements. 

Clinical Example 

Patient B., aged 23, was treated 12 years previously with a tumor 
prosthesis of  the left knee for osteosarcoma. Further revision sur-
geries occurred at intervals of  one, two, and nine years post-oper-
atively. The last prosthetic lengthening was complicated by deep 
infection. 

 The prosthesis had been removed and a non-articulating 
spacer inserted. One year following this, the spacer was removed, 
the cavity debrided and a new spacer reinserted (Figure 2a). 

 Subsequently, the spacer was explanted, intramedullary 
osteosynthesis of  the left femur and tibia was performed with an 
extended nail, a circular frame applied and osteotomy of  the femur 
performed. 2 ECD constructs were used in the frame configura-
tion (Figure 2b).

 Post-operative bifocal lengthening/transport com-
menced at day 7 over the upper nail at a rate of  1 mm per day. 
Distraction was discontinued at 3 months after achieving a 7 cm 
distraction gap (Figure 2c).

 Five months following initial distraction the frame was 
revised, with a distal tibial and further femoral osteotomy and ele-
ment replacement. Distraction in the femur at a rate of  1 mm per 
day and in the tiba at a rate of  1.25 mm per day commenced at day 
7 (Figure 2d). 

Figure 2. Clinical Use of the ECD Using the BTON Technique: A – Long-leg Ra-
diograph Demonstrating Defect and Shortening; b – First Post-operative Radiograph 
(ECDs Indicated by Arrows); c - Radiographs During the Distraction ; d - Radiographs 
Following Stabilization of Transport Segment, the Second Osteotomy; e, f - Radiographs 
Prior to Frame Removal and Osteosynthesis; g, h – Final Radiographs and Clinical 
Photograph After Frame Removal 
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 Two months subsequently distraction was halted due to 
the inadequate regenerate formation. Further frame revision and 
the osteotomy was performed. Post-operatively bifocal lengthen-
ing/transport recommenced at 1 mm per day (Figure 2e and 2f). 

 Two months subsequently the frame was removed, the 
nail locked, and the approximated distal femur and proximal tibia 
compressed (Figure 2g and 2h). 

 Total frame time was 655 days. Active lengthening repre-
sented 217 days. The total amount of  length obtained was 25 cm. 
The residual 6 cm shortening was addressed by a further proce-
dure. 

CONCLUSION

This study confirms that the use of  the ECD significantly increases 
the facility of  performing complex and routine surgery where tra-
ditional transosseous osteosynthesis is problematic or impossible. 
Other studies have confirmed the utility of  the ECD in peripros-
thetic fracture and deformity management.17 Furthermore, con-
cerns regarding an increase in pin tract complications do not ap-
pear more frequent despite the larger insertion incision, and that 
the risk of  ECD fracture is not increased over that of  traditional 
transosseous elements.

 The use of  the ECD eliminates complications of, and 
concerns in combined osteosynthesis such as obstruction and jam-
ming of  an intramedullary device; fretting wear due to contact of  
half  pins or wires and endoprotheses; loss of  torsional control 
as seen not uncommonly with half  pins; the reduction in frame 
stability due to the use of  smaller pins; and the risk of  pin or wire 
cut-out due to eccentric placement. 

 In this study, we have demonstrated that the ECD does 
not increase the number of  complications specific to external fixa-
tion. All resultant complications applicable to the ECD were ad-
dressed by conservative measures, and did not affect the outcome. 
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