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Summary
Backgrounds. Conical coupling represents an alternative to screw coupling on angular stable plate fixation. 
Aims of the present study was to evaluate clinical effectiveness and ease of plate removal of conical coupling 
locking plates into different scenario regarding quality of bone, type of fracture and operative technique. 
Methods. From May 2013 to December 2017, 198 patients with 206 fractures underwent open reduction and 
internal fixation with conical locking plate. In most cases fixation involved wrist (38%) and clavicle (24%) 
fractures but a varied type of fractures and bone were included in the study. Results. Ten complications related 
to plate fixation were observed (5,1%). Two case of intra-articular positioning of screws of wrist plate. One 
case of loss of reduction and breakage of wrist plate due to an inappropriate proximal fracture fixation. Five 
cases of complications involved clavicle fixation: three cases of non-union, one case of peri-implant fracture, 
one screw loosening. One non-union of distal tibial fracture, one non-union in olecranon fracture were finally 
observed. Thirty-four patients that have symptoms that could be traceable to the implants in-situ underwent 
plate removal. No complications were observed during surgical plates removal. Conical coupling angular 
stability plate represents an actractive alternative to threaded angular stability plate. Bush titanium insert, 
eliminating the problems of cold welding and cross-threading, simplifies surgical screws and plate removal
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O r i g i n a l  a r t i c l e

Introduction

Internal fixation with plates is a proven and com-
monly used technique in articular and periarticular 
bone fractures treatment. Locked plate technology 
was introduced in orthopaedics practice to overcome 
the limitations associated with conventional plating 
methods, primarily for improving fixation in osteo-
penic bone and in comminuted fractures. The lack 
of intimate contact between plate and bone has led 
locking plates to be called “internal fixators” taking 
advantage of the concepts of external fixation (1,2). In 
comparison to external fixators, internal fixators offer 

more stability by being closer to the bone. Preserv-
ing the periosteal blood supply theoretically prevents 
stress shielding, reduces infection risks, and promotes 
fracture consolidation. Therefore, locked plate tech-
nology was developed as a consequence of improved 
understanding of the roles of tissue vascularity and gap 
strain in fracture healing. A locked plate converts an 
axial load shear force into a compressive stress at the 
screw bone interface. The strength of fixation is equal 
to the sum of the entire screw bone interface of all 
the screws as opposed to a single screw as in unlocked 
screws (1,2).
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then monthly for 3 months, 2 monthly till the fracture 
union. At every follow up visit standard radiographs 
were obtained and thorough clinical assessment done. 
Postoperative complications included loss of reduc-
tion, fragment displacement, deformation or implant-
related problems (screw perforation, screw loosening 
or backing out, plate pullout, or breakage), and surgical 
and other general complications such as wound infec-
tion or soft-tissue problems were recorded. All the 
radiographic observations in the current study were 
conducted by an orthopaedic surgeon who is one of 
the authors. 

All patients were treated by standard open reduc-
tion and internal fixation according to anatomic seg-
ment injured. In all case of diaphyseal simple fracture 
a compression screw and neutralization plate fixation 
was performed. In case of comminuted diaphyseal 
fracture and periarticular fractures a bridge locking 
plate fixation was performed. O’Nill plate system is 
composed by a series of anatomical shaped plates to 
restore original anatomy of the bone. An intermediary 
bushing-like insert which locks the screw and threads 
into the plate is placed in all holes. Standard com-
pression screws are positioning into oval holes or into 
standard hole before bush removal (Fig. 1) Angular 
stable locking plating is guarantee by a conical cou-
pling locking mechanism between the screw head and 

The LCP system has widely been used and today 
represents the “gold standard” in plate osteosynthe-
sis. In particular the LCP screw-hole interface with 
threaded surfaces is the strong point of these systems. 
However, the LCP mechanism of angular stability has 
some issue, like the cold welding and cross-threading 
effect. These problems may affect the surgical proce-
dures of removing these implants (3). To overcome to 
these problems, a conical coupling locking plate sys-
tem was introduced [4). Aims of our study is to ret-
rospectively evaluate the outcome of a fracture treated 
by conical locking plate fixation with regards to radio-
graphic healing, complications and difficult to eventual 
removal in case of different type of fracture, quality of 
bone and operative technique. 

Materials and Methods

This was a retrospective observational cohort 
study, and the present study was approved by the insti-
tutional review board (aslcn prot. 24/19). The medical 
records and radiographs of patients who underwent 
open reduction and internal fixation with conical lock-
ing plate from May 2013 to December 2017 in two 
institutions were reviewed. 

The inclusion criteria were as follows: surgical 
treatment with conical locking plate, closed fractures, 
patients over 18 years of age , fractures treated within 
2 weeks. The exclusion criteria were pathological frac-
tures, open fractures, nonunion. 

We identified 198 patients with 206 fractures, 
including 80 wrist fractures (39%), 53 clavicle fractures 
(24%), 21 malleolar fractures (10%), 18 distal humeral 
fractures (9%), 9 proximal tibial fractures (4%), 8 olec-
ranon fractures (3%), 6 diaphiseal humeral fractures 
(2%), 3 periprosthetic femoral fractures, 2 distal femo-
ral fractures, 2 ulnar fractures, 1 proximal humeral 
fracture, 1 distal tibial fracture, 1 calcaneal fracture, 1 
diaphyseal tibial fracture.

The average age was sixty-six years (range 21-86). 
The majority of the patients were females (males 52, 
females 154). 

In all cases fixation was obtained by O’Nill conical 
locking plate (Intrauma, Rivoli, Italy). All patients were 
followed up clinically at two weeks postoperatively, 

Figure 1. Locking coupling mechanism. Three single compo-
nents of locking mechanism: conically-head screw, conically 
shaped bushing inserts with external threads and threaded 
hole plate (left). Conical screw- bushing insert coupling and 
threaded bushing insert-plate coupling
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bushing insert-plate construct. The bushing-inserts are 
made of titanium alloy Ti-6Al-4V. The inner surface 
of the bushing-insert is conically shaped to engage and 
secure the head of the screw and external threads are 
present for fixation into the plate. External grooves on 
the superficial edge of the bushing-insert couple with 
a designed insert device, an instrument used to thread 
the insert into and from the support plate. 

Therefore, after reduction and plate positioning, 
the coupling of the screws to the plate takes place 
through a series of bushings, which allow to main-
tain fixed angular stability positioning composed by 
a Morse cone design screws that engages with a tita-
nium bushing insert, which in turn screws into a stain-
less steel plate working as an internal fixator (Fig. 2).

Results

A total of 198 patients with 206 fractures under-
went angular conical stable plate fixation within the 
observation period. One patient died shortly after sur-
gery because of non-related diagnoses. Ten patients 
with eleven fractures were lost to follow-up as they did 
not appear at their outpatient-clinic appointments for 
unknown reasons. 185 fractures healed within three 

months. Two cases of infections (one lateral malleo-
lar fixation and one olecranon fixation) were observed, 
one of which needed early plate removal and brace 
positioning. Ten complications related to plate fixa-
tion were observed (5,1%). Two case of intra-articu-
lar positioning of screws of wrist plate. One case of 
loss of reduction and breakage of wrist plate due to 
an inappropriate proximal fracture fixation. Five cases 
of complications involved clavicle fixation: three cases 
of non-union, one case of peri-implant fracture, one 
screws loosening and plate medial pull out (Fig. 3-5) . 
One non-union of distal tibial fracture, one non-union 
in olecranon fracture were finally observed. Thirty-
four patients that have symptoms that could be trace-
able to the implants in-situ underwent plate removal. 
Removal concerned 4 wrist plates, 16 clavicle plates, 
11 malleolar plates, 1 distal humeral plate, 1 proximal 
tibial plate, 1 olecranon plate. No complications were 
observed during surgical plates removal.

Discussion

The are many advantages in angular stability plates 
used for fractures fixation, as described by Wagner in 
2003 (2). The angular stability plate-screw construct is 

Figure 2. Model of malleolar conical coupling plate: standard dynamic compression screws and locking screws (conical coupling 
screw- bushing insert)
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Figure 3. Pre operative radiograph of left clavicle fracture.

Figure 4. One month post operative radiograph after conical coupling locked plate fixation.
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intrinsically stable and fracture healing depends on the 
rigidity of the implant; the compression of the plate on 
the bone is not necessary and this preserves the peri-
osteal circulation, increasing the possibilities and the 
speed of fracture healing, reducing at the same time 
the loss of correction and the possibility of implant 
mobilization. They can also be used in pluriframmen-
tary fractures or in osteoporotic bone, where absolute 
stability cannot be achieved with conventional plates 
(5). Furthermore, there’s no need to model, in meta-
physeal critical areas such distal radius (6) or proximal 
tibial plateau (7), allowing the use of such precontoured 
implants mostly with the MIPO technique. These 
constructs can be considered as “internal fixators” with 
the advantage of allowing an elastic internal fixation 
that strongly stimulates the formation of callus. On the 
contrary, fixation based on the conventional principle 
of absolute stability, induce bone healing only by direct 
osteonic remodeling (or primary ossification), a much 

slower process than healing with callus. The introduc-
tion of angular stability plates has therefore revolu-
tionized the treatment of fractures (1,2).

There are many types of angular stability in 
screw-plate locking systems (8). The LCP system, for 
example, has threaded locking holes on the plate that 
correspond to the thread of the head of the screws 
that create angular stability. An alternative form of the 
locking screws mechanism is the Morse cone system, 
which characterized the PC-Fix system (Point Con-
tact Fixator). The system resistance to torsional and 
bending forces was comparable to traditional plates 
(9). This system was not commercialized due to the 
problem of the jamming of the plate screw which pre-
vented its removal at the end of the healing of the frac-
ture. It was assumed that this problem was due to the 
excessive torque force at the closure of the screw in the 
plate (10,11). To overcome this problem, a modifica-
tion has recently been introduced to the mechanism of 

Figure 5. Medial pull out of clavicle plate at 2 months after surgery
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the trunco-conical locking angular stability, adding a 
titanium insert screwed to the plate that locks with the 
trunco-conical head of the screw (4). In a FEM-based 
biomechanics study, the forces on the screw head sys-
tem in this type of system were studied. In this study 
it is highlighted that the presence of an insert at the 
level of the mechanism of closure of the screw to the 
plate creates a better distribution of forces, discharging 
the critical point of the system, ie the base of the screw 
head, thus reducing the possibility of stress shielding 
at the fracture level.

In another biomechanical study based on an ani-
mal model (12), the behaviour as an internal fixator 
of an angular stability LCP plate was compared with 
the truncated cone stability plate used under the same 
conditions, in particular if subjected to axial cyclic 
compression forces. The results of this study defined a 
greater resistance of the plates with a truncated coni-
cal angular stability mechanism compared to the LCP 
plates, although the design of the LCP plates and the 
truncated cone angular stability system was different 
(holes on the body of the LCP plates left empty to cre-
ate the “internal fixator” system vs holes present only 
proximally and distally in the plates with angular coni-
cal trunk stability system).

The problem of removing an angular stability 
implant due to cold welding and cross-threading of the 
threaded screw head in LCP implants is well known, 
especially in implants with 3.5 mm screws (3). This 
complication can lengthen the surgical time to remove 
the plates and screws. The system used in O’Nill plates, 
in theory, avoids this risk due to the presence of the 
titanium insert screwed to the plate. The interface 
between the head and the hole of the truncated-coni-
cal plate is removed together with the titanium insert, 
eliminating the problems of cold welding and cross-
threading, thus facilitating the removal of the plates 
and screws. In our series, no complications or difficult 
to screw removal was observed during surgical removal.

As regards the clinical results of the use of these 
types of implants, a single clinical experience is 
described between 2005 and 2006 on 30 patients (4). 
In this experience, a single mobilization of an implant 
was described in an olecranon fracture treated with 
plate and screws with angular trunco-cone stability, 
probably linked to an early onset of physiotherapy 

in an elderly osteoporotic patient. Our experience is 
comparable to those achieved by this Author. At the 
same time our results are comparable to those achieved 
by use of locking threaded plate (4,5,13). 

Our study has some limitations. The group of 
study is not homogeneous, different type of fracture in 
different anatomical regions are included. But Aims of 
the present study was to evaluate clinical effectiveness 
and ease of plate removal of conical coupling locking 
plates into different scenario regarding quality of bone, 
type of fracture and type of fixation.

Additionally, no functional results are evaluated, 
target of the study is only time of radiographic and 
clinical healing and incidence of complications. Quite 
the opposite to or knowledge our series of 206 patients 
represents the largest series of consecutive fracture 
fixation by conical locking plate reported in literature 

Conclusions

Conical coupling angular stability plate represents 
an attractive alternative to threaded angular stability 
plate. Bush titanium insert, eliminating the problems 
of cold welding and cross-threading, simplifies surgi-
cal screws and plate removal. Further studies need to 
evaluate trunco-conical stability plate results in every 
anatomic bone segment

Conflict of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

1. Perren SM. Evolution and rationale of locked internal 
fixator technology. Introductory remarks. Injury. 2001;32 
S2:B3–9.

2. Wagner M. General principles for the clinical use of the 
LCP. Injury. 2003;34 S2:B31-42

3. Bae JH, Oh JK, Oh CW, Hur CR. Technical difficulties of 
removal of locking screw after locking compression plating. 
Arch Orthop Trauma Surg. 2009;129:91–95

4. Valentini R, Martinelli B, Cosmi F, Hoglievina M, Nogh-
erotto P. Mechanical Behavior of one internal fixator (O’nil 

10598.indd   610598.indd   6 12/24/20   9:16 AM12/24/20   9:16 AM



Conical coupling angular stable plate fixation: a retrospective study 7

plate and screws system): a finite element study and clinical 
experiences. Tech Orthop. 2007;22: 173-180. 

5. DeKeyser GJ, Kellam PJ, Haller JM. Locked plating and 
advanced augmentation techniques in osteoporotic frac-
tures. Orthop Clin N Am. 2019; 50: 159–169

6. Sato K, Kikuchi Y, Mimata Y, Murakami K, Takahashi G, 
Doita M. Volar locking plates not touching the flexor pol-
licis longus tendon appear as prominences on radiographs: a 
cadaver study. J Orthop Traumatol. 2019; 20:29

7. McGonagle L., Cordier T, Link BC, Rickman MS, Solo-
mon LB. Tibia plateau fracture mapping and its influence 
on fracture fixation. J Orthop Traumatol. 2019; 20:12

8. Friggs R. Locking Compression Plate (LCP). An osteosyn-
thesis plate based on the Dynamic Compression Plate and 
the Point Contact Fixator (PC-Fix). Injury. 2001; 32: 63-66

9. Tepic S, Perren SM. The biomechanics of the PC Fix inter-
nal fixator. Injury. 1995;26(S2): SB51 56

10. Haas N, Hauke C, Schutz M, Kaab M, Perren SM. Treat-
ment of diaphyseal fractures of the forearm using the 
Point Contact Fixator (PC-Fix): results of 387 fractures 
of a prospective multicentric study (PC-Fix II). Injury. 
2001;32SB:51–62.

11. Perren SM. Backgrounds of the technology of internal 
fixators. Injury. 2003; 34:1-3.

12. Tremolada G, Lewis DD, Paragnani KM, Conrad BP, Kim 
SE, Pozzi A. Biomechanical comparison of a 3.5-mm coni-
cal coupling plating system and a 3.5-mm locking compres-
sion plate applied as plate-rod constructs to an experimen-
tally created fracture gap in femurs of canine cadavers. Am  
J Vet Res .2017;78 :712–717

13. Hernanz González, Y,Díaz Martín, A,Jara Sánchez, 
F,Resines Erasun, C. Early results with the new internal 
fixator systems LCP and LISS: a prospective study. Acta 
Orthop Belg. 2007;73: 60-69

Received: 10 October 2020 - Accepted: 20 November 2020
Correspondence:
Fabrizio Rivera, MD
Via Servais 200a/16, 10146, Torino, Italia
Tel 3472992578
E-mail: rivgio@libero.it

10598.indd   710598.indd   7 12/24/20   9:16 AM12/24/20   9:16 AM




