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General Introduction 

Maxillofacial fractures and dentofacial anomalies comprise a considerable portion of the 
field of contemporary oral and maxillofacial (OMF) surgery. Anatomically and aestheti-
cally restoration of form and function of the maxillofacial hard and soft tissues is crucial in 
these cases. Due to population growth, increase of traffic, industrialization, violence and 
sport, traumatology has considerably increased worldwide [1]. The introduction and per-
fection of anaesthetics, imaging techniques, antibiotics, specially designed instruments, 
new surgical techniques and biomaterials have allowed OMF surgeons to improve treat-
ment outcomes [2]. In orthognathic surgery the bilateral sagittal split osteotomy (BSSO), 
the Le Fort-I osteotomy, and the genioplasty have become common procedures to solve 
a wide range of clinical problems [3]. These procedures are usually combined with ortho-
dontics for the most optimal result. 
The main goal in orthognathic and trauma surgery is to achieve a predictable, fast, ana-
tomical, safe and painless functional union of bone segments that results in adequate 
and undisturbed bone healing. Essential prerequisites for primary bone healing of frac-
tures and osteotomies are sufficient blood supply, anatomical reduction (fractures) or 
positioning of bone segments as intended (osteotomies), and immobilization of bone 
segments. The optimum end point is a situation with good aesthetics and good oral func-
tions, such as chewing, swallowing, laughing, and speaking, which can be maintained 
over time [4,5].

Current state of the art
To achieve this main goal the treatment of nearly all maxillofacial fractures and osteoto-
mies is currently performed by ‘open reduction and internal fixation’ (ORIF). ORIF involves 
the following steps:
-	 exposure of fracture/osteotomy site
-	 reduction/aimed positioning of the fragments
-	 internal fixation
-	 meticulous wound closure
Currently, internal fixation is obtained (depending on the situation) by using plates or 
mesh and/or screws or pins. With these systems (semi) rigid internal fixation and uncom-
plicated bone healing can be achieved without the necessity to apply maxillomandibular 
fixation (MMF) post-operatively [6]. The use of MMF during the healing period of 6-8 
weeks is very uncomfortable. In addition, it immobilizes the temporomandibular joints 
resulting in cartilage degeneration [7]. MMF is still used intra-operatively to establish or 
preserve the occlusal relationship of the upper and lower jaw in orthognathic surgery 
and facial trauma. Due to the discontinuation of MMF, patients can open their mouths, 
and carefully load their masticatory system directly following surgery. Guiding elastics 
for functional training are usually recommended to achieve neuromuscular adaptation. 
Continuation of post-surgical MMF would be a step back in history. 

Titanium versus biodegradable osteosynthesis: pros and cons
Titanium is currently regarded as the “golden standard” for internal fixation of fractures 
and osteotomies. Titanium screws can be inserted directly after drilling a pilot hole (self-
tapping screw) or even without drilling a pilot hole (drill-free screw). Titanium fixation sys-
tems can be used safely and (cost)effectively, (at least the miniplates) are easily adaptable, 
and the intrinsic mechanical properties guarantee adequate bone healing and ensure that 
the device dimensions are kept within clinically acceptable limits. Titanium can be used 
for a wide variety of indications in traumatology and orthognathic surgery. It appears to 
be the most “bio-inert” metal suitable for osteosynthesis [8]. However, titanium still has 
several potential adverse effects:
(1)	 corrosion and metal release from the implants [9];
(2)	 inflammatory response and infection [10];
(3)	 sensitivity to hot and cold stimuli [11];
(4)	 palpability (and sometimes visibility) of the plates through the soft tissues;
(5)	 possible growth disturbance or mutagenic effects [12,13]; and
(6)	 interference with imaging or radio-therapeutic irradiation techniques [14,15].
The continued presence of plates and screws in the human body after the material has 
fulfilled its function, i.e., undisturbed bone healing, is a disadvantage. Despite its good 
biocompatibility, titanium should still be regarded as a foreign body to the human organ-
ism. Titanium plates and screws are removed following bone healing in a second opera-
tion in 5-40% of the cases [16-21] .
There is a continuous search for the ideal osteosynthesis. In literature it is stated that 
the ideal material should be completely removed by the human body itself as soon as 
it has fulfilled its function [22]. Biodegradable osteosynthesis material, degrading after 
healing time and with gradual transfer of functional forces to the healing bone during 
disintegration of the biodegradable devices, potentially is a suitable alternative and seems 
to be the perfect solution for most of the above-mentioned potential disadvantages. A 
reduction or even a complete deletion of the problems associated with titanium systems 
is desirable from the viewpoint of cost-effectiveness, patient comfort, healthcare qual-
ity, and risk of complications due to plate removal. This could benefit patients in OMF 
surgery [23-25], but can also have implications for patients in other medical fields that 
use biodegradable plates/mesh and/or screws/pins for fixation, e.g., orthopedic [26-29] 
or plastic (reconstructive) surgery [30-32], otolaryngology [33,34], cardiothoracic surgery 
[35-38], obstetrics and gynaecology [39,40], urology [41], neurosurgery [42] and crani-
ofacial surgery [43,44]. Furthermore, biodegradable osteofixation devices are compatible 
with diagnostic (CT and MRI) and therapeutic radiation. 
However, biodegradable fixation systems may also have their limitations. The mechanical 
properties are less favourable [45-47] showing perhaps inferior bone healing. To com-
pensate for these inferior mechanical properties, the manufacturers have made the bio-
degradable materials more bulky. Therefore, biodegradable plates may initially be even 
more palpable than titanium plates. Bulkiness can also be a disadvantage for the ap-
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Since the introduction of biodegradable devices in 1966 [73] the ideal (biodegradable) 
osteosynthesis is still to be found or valued.

Multicenter RCT
Given the above, starting a randomized controlled clinical trial in which a biodegradable 
system is compared to an established titanium system is the most logical step. Such a 
study has to be sufficiently powered, be of high-quality, have well defined indications, 
and has to be appropriately reported [53].
First of all the effectiveness, i.e., bone healing 8 weeks after surgery, should be tested. 
Bone healing is the primary function of the osteosynthesis material. Although, the ration-
ale for using biodegradable devices is to prevent a second operation to remove the mate-
rial, one simply cannot draw conclusions on plate removal rates, when it is unknown if 
the material has fulfilled its primary function. We chose bone healing as primary outcome 
measure for this reason. The bone healing performance of conventional titanium fixation 
systems is very high [25,53,74-78]. Bone healing with the biodegradable system should at 
least be as effective as with titanium. Therefore, a non-inferiority design should be cho-
sen. If the biodegradable system proves to be non-inferior regarding bone healing after 8 
weeks, a longer follow-up is necessary as the supposed advantage, i.e., less plate remov-
als, and the associated costs and cost-effectiveness, will become clear over time. Second-
ary outcome measures such as costs and cost-effectiveness analyses should include the 
hospital admission costs, surgical costs (material), plate removal costs, and the costs asso-
ciated with sick leave of the patients. Last but not least, the post-operative relapse should 
be tested. This is probably the most important issue after primary bone healing, even 
more important than the risk of plate removal and cost-effectiveness. Whatever the out-
comes of the plate removal percentages and the cost-effectiveness of both systems, the 
system with the least relapse, is (probably) most favorable for clinical use. This implies that 
if the biodegradable system proves to have less plate removals and is more cost-effective, 
but has significantly more relapse, one should nevertheless still choose a titanium system. 
The reverse scenario is also possible. The last possibility is that there will be no significant 
difference in relapse between both groups. In that case, the preferred system would be 
the system with the least plate removals and/or highest cost-effectiveness.

Aims of this thesis

The general aim of this thesis was to establish (1) short-term effectiveness and safety, (2) 
long-term clinical performance, (3) cost-effectiveness, and (4) relapse of biodegradable 
plates and screws used for fixation of bone segments in the maxillofacial skeleton as a 
potential alternative to titanium plates and screws.
More specifically, the aims of this research project were:
-	 to investigate the bone healing after 8 weeks, the handling characteristics, and safe-

ty of biodegradable plates and screws used for fixation of fractures and osteotomies 

plication of the material in the limited surgical field of OMF surgery, and can lead to 
problems with tension-free wound closure. As a consequence, an intra-operative switch 
from biodegradable to titanium plates and screws could occur, if the intention was to use 
biodegradable plates [48]. Regarding disintegration, in literature there is no evidence of 
total in vivo resorption, at least on an electron microscopic level, of any biodegradable 
osteosynthesis material. Additionally, adverse tissue reactions to degradation products 
have been reported [49,50]. According to the literature biodegradable osteosynthesis 
materials have to be removed in a second operation in 0-31% of the cases [51,52] .

Worldwide application of biodegradables? Why not?
Despite the supposed advantages of biodegradable osteofixation devices, these systems 
have not replaced the titanium systems and are currently applied in only limited num-
bers. The major drawback for general use of biodegradable devices is the lack of clinical 
evidence for well-defined indications [53]. Numerous in vitro, animal, and clinical studies 
have been published reporting positive [54-62] as well as negative results [49,63-65]. 
Only few of the available studies in the literature are randomized controlled trials (RCTs), 
while most of them are not appropriately powered. There is some evidence available from 
RCTs to support the conclusion that there is no significant difference between biodegrad-
able and titanium osteofixation devices with regard to short-term clinical outcome, and 
complication rate in the area of orthognathic surgery [53,66]. A definitive conclusion 
regarding the fixation of fractured and osteotomized bone segments with respect to the 
long-term performance in OMF surgery cannot be drawn.
Another significant factor of the limited use is the resistance by surgeons to modify their 
conventional, familiar, and well experienced, treatment techniques [67]. Improvements 
in intra-operative application, particularly in plate adaptation and screw insertion, are 
needed before their use becomes more widespread [68]. Most biodegradable plates are 
not malleable at room temperature, but require pre-heating (in a heating bath) to be 
shaped. The only exceptions are the self-reinforced plates. These plates are easily bend-
able at room temperature [69]. Moreover, biodegradable screws can be inserted only 
after pre-drilling and pre-tapping. Regarding the difficulty of the intra-operative appli-
cation, authors disagree: Jain et al. (2006) stated that contouring resorbable plates is 
easier than metallic plates [70]. With few extra tools (i.e., heating bath) resorbable plate 
systems could be easily handled and adapted [71]. Bos (2005) stated that biodegradable 
plate bending and screw insertion are more time consuming and far more complicated 
compared with titanium [72].
At present, biodegradable fixation systems are more expensive than titanium plates and 
screws. This is a potential threat for the general use of biodegradable systems. In order to 
become truly more cost-effective than titanium, the costs of the biodegradable systems 
have to be reduced while clinical outcomes need to be superior to titanium. In the litera-
ture no data are available regarding the cost-effectiveness of biodegradable plates and 
screws in OMF surgery.
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in the maxillofacial skeleton compared to conventional titanium plates and screws 
(chapter 2);

-	 to investigate the 1 and 2 years post-operative clinical performance of the biode-
gradable system as a potential alternative to the titanium system regarding fixation 
of fractures and osteotomies in the maxillofacial skeleton (chapter 4);

-	 to investigate the cost-effectiveness of bone healing and plate removal of biode-
gradable plates and screws as a potential alternative to titanium plates and screws 
regarding treatment of fractures and osteotomies in the maxillofacial skeleton (chap-
ter 5);

-	 to investigate the relapse of biodegradable plates and screws as a potential alterna-
tive to titanium plates and screws regarding treatment of osteotomies in the maxil-
lofacial skeleton (chapter 6).

In the design of the study intra-operative switches from the biodegradable to the con-
ventional titanium system were unexpected, and initially not an outcome measurement. 
Retrospectively, the reasons for the intra-operative switches were analyzed in order to 
find predictor variables that may be helpful in deciding in advance whether to use biode-
gradable devices or not (chapter 3).
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ABSTRACT

Background - Biodegradable fixation systems could reduce or delete the problems as-
sociated with metallic systems, since removal is not necessary.
Aim - The aim of this study was to establish the effectiveness and safety of biodegradable 
plates and screws as potential alternatives to metallic ones.
Materials & Methods - This multicenter randomized controlled trial was conducted 
from December 2006 to July 2009. Included were patients who underwent mandibu-
lar- and/or Le Fort-I osteotomies and those with fractures of the mandible, maxilla, and 
zygoma. The patients were assigned to a titanium control group (KLS Martin) or to a 
biodegradable test group (Inion CPS). The primary outcome measure was ‘bone healing 
8 wks post-operatively’.
Results - The Intention-To-Treat (ITT) analysis of 113 patients in the titanium group and 
117 patients in the biodegradable group revealed that biodegradable plates and screws 
performed inferiorly to titanium plates and screws (p<0.001), whereas the Treatment-
Received (TR) analysis revealed that biodegradable plates and screws did not perform 
inferiorly regarding bone healing after 8 wks (p=0.15). In 25 patients (‘switchers’) who 
were randomized to the biodegradable group, the maxillofacial surgeon made the deci-
sion to switch to the titanium system intra-operatively. In the ITT analysis, the switches 
were assessed as failures for the primary outcome measure.
Conclusion & Discussion - The relatively many intra-operative ‘switches’ were primarily 
responsible for the inferior primary outcome result. Despite this ‘inferior’ result, biode-
gradable plates and screws could be safely used when it was possible to apply them. 
The benefits of using biodegradable systems (fewer plate removal operations) should be 
confirmed during a follow-up of minimally 5 years (http://controlled-trials.com; ISRCTN 
44212338).

Keywords: Effectiveness, non-inferior, safety, bone-healing, maxillofacial, efficacy.

INTRODUCTION

Essential prerequisites for the bone healing of fractures and osteotomies include suf-
ficient vascularization, anatomical reduction, and immobilization of bone segments. At 
present, immobilization of bone fragments is obtained with metallic plates and screws 
without MaxilloMandibular Fixation (MMF) [79]. This allows patients to load their mas-
ticatory system functionally immediately following surgery. The currently available metal 
plating systems have the advantage of combining excellent mechanical and handling 
properties. A disadvantage of metallic plates and screws is their long life remain in situ, 
resulting in several potential adverse effects, such as:
(1)	 inflammatory response and infection [10];
(2)	 sensitivity to hot and cold stimuli [11];
(3)	 palpability of the plates;
(4)	 possible growth disturbance or mutagenic effects [12,13]; and
(5)	 interference with imaging or radio-therapeutic irradiation techniques [14,15].
As a consequence, the implants are removed following bone healing in a second opera-
tion in 5-40% of the cases [16,17]. Biodegradable plates and screws degrade in the hu-
man body, reducing or eliminating the problems associated with metallic systems. This is 
desirable from the viewpoint of cost-effectiveness, patient comfort, healthcare quality, 
and risk of complications due to plate removal. However, adverse tissue reactions to deg-
radation products have been reported [49,50,63,65]. Moreover, biodegradable systems 
are mechanically less favourable than metallic systems, which can result in insufficient 
bone healing. A few controlled trials have been published on this subject [24,25,75,80], 
which have previously been summarized and analyzed in a systematic review [53]. Since 
the results were inconclusive, mainly because of the lack of sufficiently powered and ap-
propriately designed trials and heterogeneity among the included studies, there is a need 
for well-designed randomized controlled trials of sufficient size. 
The aim of this study was to establish the effectiveness and safety of biodegradable 
plates and screws as an alternative to metallic ones. Therefore, we tested the null hypoth-
esis that the performance of the Inion CPS biodegradable system is inferior to that of a 
titanium system in terms of bone healing following treatments of mandibular, maxillary 
(Le Fort-I), zygomatic fractures, and bilateral sagittal split osteotomies (BSSO’s) and/or Le 
Fort-I osteotomies.
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Materials & Methods

This RCT has been described according to the CONSORT statement 2010 (http://www.
consort-statement.org/).

Patients
This prospective randomized controlled trial was conducted from December 2006 to July 
2009. The source population consisted of patients who were treated at the departments 
of Oral and Maxillofacial (OMF) Surgery in the Netherlands of the: (1) University Medical 
Centre Groningen (UMCG), (2) Rijnstate Hospital Arnhem (RHA), (3) Amphia Hospital 
Breda (AHB), and (4) Medical Centre Leeuwarden (MCL).
Patients meeting the inclusion criteria were eligible for this study (Table 1). All patients 
were informed regarding the treatment options prior to surgery and were required to 

provide written informed consent to participate in the study. The surgeons recruited the 
participants and assigned them randomly to two treatment groups a day before (oste-
otomies) or immediately prior to (fractures) the operation. A statistician generated the 
randomization sequences using a computerized randomization program. The randomiza-
tion was performed using an IVRS (Interactive Voice Response System) (block size 10), 
which was available 24-hours a day to conceal the randomization sequence until the 
interventions were assigned. Randomization was stratified by hospital to ensure that the 
two treatment options were equally divided over the participating hospitals. The study 
was approved by the Medical Ethical Committees of the participating hospitals.

Interventions
The patients were assigned to a titanium control group (KLS Martin, Gebrüder Martin 
GmbH&Co., Tuttlingen, Germany) or to a biodegradable test group (Inion CPS, Inion 
Ltd., Tampere, Finland). Neither prior to nor after surgery were the patients aware of the 
system that had been used.
All plates and screws were applied according to the instructions of the manufacturers. 
The screw holes were pre-drilled for both titanium and biodegradable screws, and pre-
tapped for biodegradable screws. For fixation of mandibular osteotomies and fractures, 
2.5-mm biodegradable or 2.0-mm titanium plates and screws were used, whereas 2.0-
mm biodegradable or 1.5-mm titanium plates and screws were used for fixation of zy-
goma fractures, Le Fort-I fractures, and Le Fort-I osteotomies. Each participating OMF 
surgeon performed 2 ‘test-surgeries’ using the biodegradable system to acquire the dif-
ferent application-skills, i.e., pre-tapping the screws and pre-heating the plates, and to 
get used to the different dimensions. These ‘test-surgeries’ were not included in the 
study. Post-operatively, the patients did not receive MMF, but soft guiding elastics, and 
they were instructed to eat a soft diet for 5 wks.

Outcome measures
The primary outcome measure was ‘bone healing 8 weeks after surgery’, which was 
defined as follows:
(1)	 absence of clinical mobility of the bone segments assessed by bi-manual traction on 

the distal and proximal bone segments, and;
(2)	 absence of radiographic signs of disturbed bone healing assessed on an orthopan-

tomogram (OPT; all indications), a lateral cephalogram (osteotomies), an occipito-
mental radiograph (zygoma fractures), and a fronto-suboccipital radiograph (mandi-
ble fracture).

The following secondary outcome measures were assessed:
(1)	 clinical: correct occlusion (yes/no), palpability of plates/screws (yes/no), wound de-

hiscence (yes/no), and signs of inflammation (rubor, calor, dolor, tumor, or functio 
leasa: yes/no);

(2)	 radiographic: correct position of the bone segments (yes/no; position of teeth, path 

Table 1. Inclusion and exclusion criteria

Inclusion criteria:

-	 patients scheduled for a Le Fort-I fracture, and/or a solitary or multiple (maximum 2) 

mandibular fracture(s), and/or a zygoma fracture;

-	 patients scheduled for a Le Fort-I osteotomy, and/or a Bilateral Sagittal Split Osteotomy 

(BSSO);

-	 patients (also parents or responsible persons if necessary) who signed the informed 

consent form.

Exclusion criteria:

-	 patients who were younger than 18 years old (trauma), or patients who were younger 

than 14 years (osteotomies);

-	 patients presented with heavily comminuted fractures of the facial skeleton;

-	 patients who experienced compromised bone healing in the past;

-	 patients who were pregnant;

-	 patients who could/would not participate in a 1-year follow-up (reasons);

-	 patients who would not agree with an at random assignment to one of the treatment 

groups, or one of the methods or treatment administered in the study;

-	 patients who were diagnosed with a psychiatric disorder (diagnosed by a psychiatrist);

-	 patients who experienced cleft lip and palate surgery in the past;

-	 patients where fracture reduction and fixation was delayed for more than 7 days (after day 

of trauma);

-	 patients of whom the general health and/or medication could affect bone healing, as 

determined by the oral and maxillofacial surgeon.
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Excluded (n= 604)

-	 Not meeting in- exclusion criteria (n= 105)

-	 Refused to participate (n= 499)

Analyzed (ITT) in titanium group (n = 113)

Protocol violations (n = 2)

-	 after randomisation it turned out patient had 

	 cleft lip and palate (n = 1)

-	 randomized to the wrong centre (n =1)

Treatment Received (n = 136)

Treatment Received violations (n = 2)

-	 stable position zygomatic fracture achieved 

without osteosynthesis (n =  1);

-	 fixation mandibular fracture with lag screws 

without titanium plate (n = 1).

Operated with titanium (n=134)

Lost-to-follow-up (n=1)

Analyzed (TR) (n = 133)

Analyzed (ITT) in biodegradable group (n = 117)

Protocol violations (n = 5)

-	 after randomisation it turned out patients had 

cleft lip and palate (n = 3);

-	 after randomisation it turned out patient had a 

psychiatric disorder (n =  1);

-	 randomized to the wrong centre (n = 1)

Treatment Received (n = 87)

Treatment Received violations (n = 0)

Operated with Inion CPS (n=87)

Lost-to-follow-up (n=3)

Analyzed (TR) (n = 84)

Enrolment

Allocated to titanium group (n=113)Allocated to biodegradable group (n = 117)

Biodegradable group Titanium group

Figure 1. Flow diagram of patient’s progress though the phases of RCT

Assessed for eligibility (n= 834)

Patients randomized (n= 230)

Switched to titanium (n = 25)

Allocation

ITT analyses

TR analyses

Follow-up
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of mandibular canal, and contour of cortical structures);
(3)	 patient-related (self-evaluation): pain reported on a Visual Analogue Scale (VAS; 

ranging 1-100) and mandibular function evaluated by the 17 questions on the Man-
dibular Function Impairment Questionnaire (MFIQ) [81]; range 17-85: a higher score 
means worse function; and

(4)	 handling characteristics (plate adaptation, drilling/tapping, screw insertion, and 
wound closure; scale 1-10). 

Post-operative interventions, such as wound irrigation with saline, use of antibiotics, ab-
scess incision and drainage, or removal of plates/screws within 8 wks, were reported 
separately. The primary and the secondary outcome measures were evaluated 8 wks fol-
lowing surgery by a colleague of the OMF surgeon who performed the surgery.

Statistical analysis
Hypothesis testing was conducted following the principles of non-inferiority analysis 
(one-tailed test). Based on an expected percentage of bone healing of 95% with a tita-
nium system and a maximum acceptable difference of 5% between the two groups in 
terms of the primary outcome measure, two groups of 109 patients were necessary to 
demonstrate non-inferiority with a power of 80% at a significance level of 5%. When 
patients violating the study protocol were taken into account, 115 patients were included 
in each group.
The Statistical Package for Social Sciences (SPSS, version 18.0) was used for data analysis. 
The means and standard deviations of normally distributed variables were calculated and 
analyzed by the independent-samples t test. Dichotomous variables were analyzed by the 
Chi-squared or the Fischer’s exact test. No interim analyses were performed during the 
study period.

Results

Fig. 1 represents the flow of 230 randomized patients during the phases of the study 
regarding the Intention-To-Treat (ITT) analysis and Treatment-Received (TR) analysis. The 
inclusion of the different centres UMCG, RHA, AHB, and MCL resulted in 103, 78, 44, 
and 5 patients, respectively. The randomization procedure resulted in an ITT population 
of 113 patients in the titanium group and 117 patients in the biodegradable group. Inclu-
sion errors were made for seven patients; four patients did not complete the follow-up. 
The outcome data for these patients were ‘imputed’, i.e., adequate bone healing, ac-
cording to the strategies of the Cochrane Collaboration (http://www.cochrane-net.org). 
In 25 patients (‘switchers’) who were randomized to the biodegradable group, the OMF 
surgeon made the decision to switch to the titanium system intra-operatively. The main 
reasons for switching were material failures, including non-grip screws (n=6), inadequate 
stability after the first fixation (n=3), and after re-positioning (n=4), inadequate plate 
adaptation (n=2), dimension of plate too big (n=1), and plate fracture during fixation 
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(n=1). Other reasons were logistical problems (n=3), ‘bad split’ (n=1), and ‘unknown’ 
(n=4). In the ITT analysis, the switches were assessed as failures for the primary outcome 
measure. Regarding the TR analysis, the seven ‘inclusion error’ patients and the four ‘lost 
to follow-up’ patients were excluded. Additionally, the 25‘switchers’ were added to the 
titanium control group. This resulted in a TR analyses of 133 patients and 84 patients in 
the titanium group and biodegradable group, respectively.
None of the baseline characteristics differed significantly between the biodegradable and 
titanium group for the ITT and TR analysis (Tables 2 and 3).
Inadequate bone healing of 2 patients in the biodegradable group was reported. One 
patient had a mobile maxilla one day after surgery and was re-operated with the titanium 
system. The second patient had a mobile maxilla after 8 wks that healed without inter-
vention. Following the ITT analysis, 27 patients in the biodegradable group (25 ‘switchers’ 
and the two above-mentioned patients) and no patients in the titanium group showed 
inadequate bone healing, resulting in a significant difference (p<0.001). Regarding the TR 
analysis the two above-mentioned patients in the biodegradable group and no patients 
in the titanium group showed inadequate bone healing, resulting in a non-significant dif-
ference (p=0.15). The ITT analysis showed significant differences regarding dehiscence of 
the plate/screws, palpability of the plate/screws, and inflammatory reactions. There were 
no significant differences regarding incorrect occlusion and position of the bone frag-
ments 8 wks after surgery. Self-evaluation of pain revealed VAS scores lower than 10 for 

both groups, whereas the MFIQ showed nearly equal scores for the mandibular function. 
The post-operative interventions, wound irrigation with saline, use of antibiotics, abscess 
incision and drainage, and removal of plate/screws after 8 wks, did not significantly dif-
fer between both groups. The handling characteristics revealed significant lower scores 
for the biodegradable system for plate adaptation, drilling/tapping, and screw insertion. 
Wound closure and mean operation time did not reveal a significant difference, despite 
the variation in handling characteristics. The results of the ITT and TR analyses for the 
primary and secondary outcome measures are summarized in Tables 4 and 5.
An ancillary analysis revealed that there was no ‘center effect’ with regard to bone heal-
ing. Analysis of the various surgeries did not differ significantly between the groups 
[p=0.31 (ITT); p=0.74 (TR)]. 

Discussion

The ITT analysis revealed that biodegradable plates and screws performed inferiorly to 
titanium plates and screws, whereas the TR analysis revealed that biodegradable plates 
and screws did not perform inferiorly regarding bone healing after 8 wks. The relatively 
many intra-operative ‘switches’ (21%) were primarily responsible for the inferior outcome 
result. These results imply that the biodegradable system is inferior to titanium plates and 
screws, but that the system could be successfully used without MMF when it is possible 
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Table 2. Baseline characteristics for ITT analysis

Description Titanium 

group (n)

Biodegradable 

group (n)

Total (n)

Surgical procedures 113 117 230

     BSSO 72 (63.7%) 70 (59.8%) 142

     Le Fort-I osteotomy 8 (7.1%) 8 (6.8%) 16

     Bimaxillary osteotomy 24 (21.2%) 21 (17.9%) 45

     Mandibular fracture 2 (1.8%) 9 (7.7%) 11

     Le Fort-I fracture 1 (0.9%) 0 1

     Zygoma fracture 4 (3.5%) 4 (3.4%) 8

     Protocol violations 2 (1.8%) 5 (4.3%) 7

Gender/age distribution p value

     Male 44 (38.9%) 56 (47.9%) 0.17

     Female 69 (61.1%) 61 (52.1%)

     Age (mean +/- s.d. in yrs) 31 +/- 11 31 +/- 12 0.59

             (range in yrs) 16-60 14-59

Abbreviations: BSSO = bilateral sagittal split osteotomy,  ITT = Intention-To-Treat, s.d. = standard deviation.

Table 3. Baseline characteristics for TR analysis

Description Titanium  

group (n)

Biodegradable 
group (n)

Total (n)

Surgical procedures 133 84 217

     BSSO 87 (65.4%) 52 (61.9%) 139

     Le Fort-I osteotomy 8 (6.0%) 8 (9.5%) 16

     Bimaxillary osteotomy 29 (21.8%) 16 (19.0%) 45

     Mandibular fracture 5 (3.8%) 4 (4.8%) 9

     Le Fort-I fracture 1 (0.8%) 0 1

     Zygoma fracture 3 (2.3%) 4 (4.8%) 7

Gender/age distribution p value

     Male 54 (40.6%) 42 (50%) 0.18

     Female 79 (59.4%) 42 (50%)

     Age (mean +/- s.d. in yrs) 31 +/- 11 31 +/- 12 0.8

             (range in yrs) 16-60 14:59

Abbreviations: BSSO = bilateral sagittal split osteotomy,  s.d. = standard deviation, TR = Treatment-Received.
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remarkable difference between both systems, whereby biodegradable plates and screws 
were more difficult to use as compared with titanium plates and screws.
Other studies [24,25,75,80], as discussed in a systematic review [53], did not demonstrate 
a significant difference regarding clinical morbidity and stability. However, they did not 
use bone healing as the primary outcome measure. The primary outcome measure ‘bone 
healing after 8 wks’ used in the present study was chosen since the mechanical charac-
teristics of biodegradable plates and screws were less favourable compared with titanium 
ones [45-47]. This may result in insufficient and delayed bone healing percentages. In 

to apply them. Concerning the secondary outcome measures, the biodegradable system 
did not perform significantly different from the titanium system, except for palpability 
of the system and inflammatory reactions. These differences could be expected at the 
8-week follow-up and did not result in more plate removal operations. Up to 8 wks, the 
biodegradable plates and screws are safe to apply. The handling characteristics showed a 
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Table 5. Primary and secondary outcome measures for TR analysis

Description Titanium 

group (n)

Biodegradable 

group (n)

p value

Primary outcome measure*

     Inadequate bone healing 0 2 (2.4%) 0.15

Secondary outcome measures†

     Clinical assessments

          Non-correct occlusion 16 (12.0%) 7 (8.3%) 0.44

          Palpability plate/screws 49 (36.8%) 53 (63.1%) < 0.001

          Dehiscence 2 (1.5%) 3 (3.6%) 0.38

          Abscess formation 6 (4.5%) 9 (10.7%) 0.08

          Inflammatory reactions 11 (8.3%) 17 (20.2%) 0.009

     Radiographic assessment

           Changed position bone segments 3 (2.3%) 0 0.29

     Self-evaluation of patient

          Pain VAS (mean +/- s.d.) 7 +/- 14 6 +/- 11 0.60

          MFIQ ( mean +/- s.d.) 37 +/- 17 33 +/- 12 0.028

     Postoperative interventions

          Irrigation with saline 0 1 (1.2%) 0.38

          Antibiotics 8 (6.0%) 5 (6.0%) > 0.99

          Abscess incision and drainage 1 (0.8%) 0 > 0.99

          Removal of plate/screws 2 (1.5%) 1 (1.2%) > 0.99

     Handling characteristics

          Operation time (h:m) 2:16 2:13 0.74

*Tested one-sided
†Tested two-tailed
Abbreviations: h = hours, m = minutes, MFIQ = Mandibular Function Impairment Questionnaire (range 17-85), n = 
number, s.d. = standard deviation, TR = Treatment-Received, VAS = Visual Analogue Scale (range 1-100).

Table 4. Primary and secondary outcome measures for ITT analysis

Description Titanium 

group (n)

Biodegradable 

group (n)

p value

Primary outcome measure*

     Inadequate bone healing 0 27 (23.1%) < 0.001

Secondary outcome measures†

     Clinical assessments

          Non-correct occlusion 10 (8.8%) 13 (11.1%) 0.48

          Palpability plate/screws 43 (38.1%) 59 (50.4%) 0.021

          Dehiscence 0 5 (4.3%) 0.028

          Abscess formation 4 (3.5%) 11 (9.4%) 0.065

          Inflammatory reactions 8 (7.1%) 20 (17.1%) 0.013

     Radiographic assessment

          Changed position bone segments 0 3 (2.6%) 0.12

     Self-evaluation of patient

          Pain VAS (mean +/- s.d.) 6 +/- 12 6 +/- 11 0.75

          MFIQ (mean +/- s.d.) 36 +/- 16 35 +/- 14 0.43

     Postoperative interventions

          Irrigation with saline 0 1 (0.9%) 0.50

          Antibiotics 4 (3.5%) 9 (7.7%) 0.16

          Abscess incision and drainage 0 1 (0.9%) 0.50

          Removal of plate/screws 2 (1.8%) 1 (0.9%) > 0.99

     Handling characteristics

          Plate adaptation (mean +/- s.d.) 8.6 +/- 0.6 7.5 +/- 1.6 < 0.001

          Drilling/tapping (mean +/- s.d.) 8.8 +/- 0.6 7.3 +/- 1.6 < 0.001

          Screw insertion (mean +/- s.d.) 8.7 +/- 0.8 7.2 +/- 1.8 < 0.001

          Wound closure (mean +/- s.d.) 8.8 +/- 0.7 8.5 +/- 1.2 0.058

          Operation time (h:m) 2:11 2:18 0.42

*Tested one-sided
†Tested two-tailed
Abbreviations: h = hours, ITT = Intention-To-Treat, m = minutes, MFIQ = Mandibular Function Impairment Question-
naire (range 17-85), n = number, s.d. = standard deviation, VAS = Visual Analogue Scale (range 1-100).
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addition, the reviewed studies included limited numbers of patients. Titanium plates and 
screws show high success rates (95%) according to the opinions of clinical experts and in 
large patient series [17,82]. Taking these results into account, it is a prerequisite to obtain 
‘non inferior’ bone healing when using biodegradable plates and screws. Until now, there 
is no thorough scientific evidence that biodegradable plates and screws will result in more 
incomplete or delayed bone healing. A remarkable difference is that the systematically 
reviewed studies did not report any switches, in contrast to the present study. 
Regarding the ITT analysis, the outcome data for the seven ‘inclusion error’ patients and 
the four ‘lost to follow-up’ patients were ‘imputed’ to remain an ITT population. Count-
ing these patients as failures does not seem to be reasonable, given the overall low failure 
rate and also the fact that most patients with problems would be more likely to return 
than not. By contrast, the ‘switchers’ to the titanium group were defined as failures of 
the biodegradable system. The vast majority of these failures were related to material 
failures (see Results). If the system could not be applied initially, the system failed to 
obtain bone healing 8 wks after surgery. The ‘switchers’ were excluded from further 
analyses. Inexperience and lack of confidence in a still ‘unknown and new’ biodegradable 
system, handling differences, and having a sense of certainty and confidence regarding 
the titanium system may have contributed to the relatively high number of switches. The 
primary outcome measure was not stratified for indication, since it could be expected 
that the bone segments would be healed after 8 wks, independent of the indication. The 
post-hoc analysis provided a non-significant result between the groups. However, the 
relatively low number of Le Fort-I fractures impedes the power of the results for this in-
dication. By contrast, the high number of inclusions of the other indications implies good 
eloquence of the results. In the Materials & Methods section, it is stated that the evalua-
tion of outcome measures was planned to be performed by a colleague of the OMF sur-
geon who performed the surgery. Despite the intended protocol, in too many cases this 
was not practical. This phenomenon may have introduced observer bias. The study was 
performed in 4 hospitals, and different surgeons did the operations. This implies good 
generalizability. In contrast, several surgeons could imply diminished power of the study 
as a result of a possible learning curve factor. However, it appeared that the switches from 
the biodegradable to the titanium system took place over the entire study. Moreover, the 
switches were made by all participating surgeons and at all centres. It can therefore be 
expected that the performance of the Inion CPS biodegradable system in other hospitals 
will be similar to that found in our study.
Regarding the choice for Inion CPS: there were (and still are) several biodegradable sys-
tems available on the market, each with its own composition and mechanical properties. 
The BioSorb FX 2.0mm, LactoSorb 2.0mm, and Inion CPS 2.5mm systems appeared to be 
the strongest and most rigid biodegradable materials [45,46]. Most manufacturers dis-
courage the use of their biodegradable system in the mandible unless in conjunction with 
6 weeks of rigid MMF. Inion CPS 2.5mm is the only biodegradable system that allows 
the use of fixation of fractures and osteotomies of the mandible without using MMF ac-

cording to the manufacturer. Therefore, Inion CPS 2.5mm plates and screws were chosen 
to use in the RCT. The co-polymer Inion CPS, which is CE marked and FDA approved for 
human use, consists of the following monomers: D-lactide (16%), L-lactide (78%), and 
trimethylene carbonate (TMC, 6%) [83].
In summary, it is concluded that, in terms of bone healing after 8 wks, the performance of 
the Inion CPS biodegradable system is inferior compared with that of the titanium system 
for the treatment of mandibular fractures, zygoma fractures, and BSSO’s, and/or Le Fort-
I osteotomies. Despite this ‘inferior’ primary outcome result, biodegradable plates and 
screws could be safely used without MMF in selected cases. The benefits of using biode-
gradable systems (fewer plate removal operations) should be confirmed during a follow-
up of minimally 5 yrs. The presented results are part of a longer-running follow-up study.
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Abstract

Background - In a recent RCT comparing biodegradable (Inion CPS) with titanium (KLS 
Martin) plates and screws for fixation of osteotomies or fractures, we found that in 21% 
of the cases the surgeon decided intra-operatively to switch from biodegradable to tita-
nium. 
Aim - The aim of the current retrospective cohort study was to analyse the reasons for 
these switches in order to find predictor variables that may be helpful in the decision 
to use biodegradable devices or not. The surgeons’ opinion about the biodegradable 
system, and if there was a learning curve in the application of the biodegradable system 
were also investigated.
Materials & Methods - All variables were assessed during the original RCT by using a 
questionnaire that was completed by the OMF surgeon directly post-operatively. For the 
outcome variable “surgeons’ opinion” a separate questionnaire was used.
Results - Regarding the predictor variables a mandibular fracture had a higher risk of 
switching compared to a BSSO. However, looking at the reasons for these switches no 
firm conclusions can be drawn. There was a subjective learning curve to acquire the 
application-skills for the biodegradable system. There were no changes in isolated Le-
Fort-I osteotomies despite the fact that the biodegradable system seems more difficult 
to apply in the midface. Inadequate stability was the main reason for switching. This can 
be material-related, or related to inexperience with or lack of confidence in the system, 
or impatience of the surgeon. 
Conclusion & Discussion - A learning curve and personal preferences probably play an 
important role in the decision to switch. We think that with more patience and more 
experience it should be possible to increase both user comfort and confidence in the bio-
degradable system of Inion CPS, which likely will decrease the number of intra-operative 
switches. 

Keywords: Intra-operative switches, predictor variables, learning curve, handling charac-
teristics, surgeons’ opinion, osteosynthesis

Introduction

There seems to be a learning curve to acquire the application-skills needed to use biode-
gradable plates and screws [84]. When application of biodegradable plates and screws 
fails, this will result into an intra-operative switch to commonly used titanium plates and 
screws. Recently, this has also been shown in the study of Buijs et al. [23]. In this study, 
patients were included who underwent bilateral sagittal split osteotomies (BSSO), Le 
Fort-I or bimaxillary osteotomies and patients with fractures of the mandible, maxilla, or 
zygoma. In the Intention-To-Treat (ITT) analysis, there were 117 patients in the biodegrad-
able test group and 113 patients in the titanium control group. In the biodegradable-
randomized group, there were 25 patients (21%) with an intra-operative switch to the 
titanium fixation system. Despite the intra-operative switch, all the patients showed un-
complicated bone healing post-operatively. There were no switches from the titanium to 
the biodegradable system.
The purposes of this study were: (1) to identify factors associated with surgeons’ deci-
sions to switch from one system to the other, and (2) to determine if there was a learning 
curve in the use of the biodegradable fixation system. The investigators hypothesize that 
there are factors associated with the decision to switch, and that there is a learning curve. 
Patient variables, the type of surgical procedure and individual preferences/experience of 
the Oral and Maxillofacial (OMF) surgeons were investigated.

Materials & Methods

Study design
This retrospective cohort study was derived from a previous performed Randomized Con-
trolled Trial (RCT) of Buijs et al. (2012) [23], and has been described according to the 
STROBE statement (http://www.strobe-statement.org/).

Patients
To be included in the cohort study sample, patients had to be enrolled in the original 
RCT and randomized to biodegradable fixation. In the original RCT 117 patients were 
randomized to the biodegradable system, and 113 patients to the titanium system. Five 
patients in the biodegradable group and 2 patients in the titanium group were protocol 
violators and were excluded from further analyses. 
The original RCT was conducted from December 2006 to July 2009. The patients were 
treated at four different departments of OMF Surgery in the Netherlands (University 
Medical Centre Groningen, Rijnstate Hospital Arnhem, Amphia Hospital Breda, and 
Medical Centre Leeuwarden). The inclusion and exclusion criteria of the original RCT are 
summarized in Table 1. All patients were informed regarding the treatment options prior 
to surgery and had to provide written informed consent to participate in the study. Pa-
tients meeting the inclusion criteria were randomly assigned to two treatment groups. A 
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statistician generated the randomization sequences using a computerized randomization 
program. The randomization was performed using an IVRS (Interactive Voice Response 
System) (block size 10), which was available 24-hours a day to conceal the randomization 
sequence until the interventions were assigned. The study was approved by the Medical 
Ethical Committees of the participating hospitals.

Interventions
In the original RCT patients were assigned to a titanium control group (KLS Martin, Ge-
brüder Martin GmbH&Co., Tuttlingen, Germany) or to a biodegradable test group (Inion 
CPS, Inion Ltd., Tampere, Finland). 
All plates and screws were applied according to the instructions of the manufacturers. For 
fixation of mandibular osteotomies and fractures 2.5-mm biodegradable or 2.0-mm tita-
nium plates and screws were used, whereas 2.0-mm biodegradable or 1.5-mm titanium 
plates and screws were used for fixation of zygoma fractures, Le Fort-I fractures, and Le 
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Fort-I osteotomies. The way mandibles and maxilla’s were stabilized can be seen in Fig. 
1. Each participating OMF surgeon performed 2 ‘test-surgeries’ using the biodegradable 
system to acquire the different application-skills, i.e., pre-tapping the screws and pre-
heating the plates, and to get used to the different dimensions. These ‘test-surgeries’ 
were not included in the study. The patients did not receive rigid maxillomandibular fixa-
tion, but soft guiding elastics post-operatively, and they were instructed to use a soft diet.

Outcome measures
The most important outcome variable in the current study was the decision to switch 
from the biodegradable to the titanium system (yes/no).
Predictor variables that possibly influenced switching:
(1)	 demographic: female sex, age;
(2)	 type of surgical procedure: BSSO, Le Fort-I osteotomy, bimaxillary osteotomy, frac-

ture of the mandible, maxilla, or zygoma; and
(3)	 Number of operations performed by a surgeon with the biodegradable system;
There were three other outcome measures:
(1)	 The “learning curve”, i.e., the more operations performed by a surgeon the better 

the handling characteristics (plate adaptation, drilling/tapping, screw insertion, and 
wound closure (scale of 1-10)); 

(2)	 The differences in handling characteristics (scale 1-10), and reasons for switching 
(inadequate fixation versus ‘other reason’) between the types of surgical procedure; 

(3)	 Surgeons’ opinion.

Figure 1. Orthopantomograph showing the position of the plates and screws in a tita-
nium bimaxillary case. Biodegradable plates and screws in ‘biodegradable-cases’ were 
placed in a similar manner, but would not be visible on the X-ray.

Table 1.  Inclusion and exclusion criteria of the original prospective multicenter RCT

Inclusion criteria:

-	 patients scheduled for a Le Fort-I fracture, and/or a solitary or multiple (maximum 2) 

mandibular fracture(s), and/or a zygoma fracture;

-	 patients scheduled for a Le Fort-I osteotomy, and/or a Bilateral Sagittal Split Osteotomy 

(BSSO);

-	 patients (also parents or responsible persons if necessary) who signed the informed 

consent form.

Exclusion criteria:

-	 patients who were younger than 18 years old (trauma), or patients who were younger 

than 14 years (osteotomies);

-	 patients presented with heavily comminuted fractures of the facial skeleton;

-	 patients who experienced compromised bone healing in the past;

-	 patients who were pregnant;

-	 patients who could/would not participate in a 1-year follow-up (reasons);

-	 patients who would not agree with an at random assignment to one of the treatment 

groups, or one of the methods or treatment administered in the study;

-	 patients who were diagnosed with a psychiatric disorder (diagnosed by a psychiatrist);

-	 patients who experienced cleft lip and palate surgery in the past;

-	 patients where fracture reduction and fixation was delayed for more than 7 days (after day 

of trauma);

-	 patients of whom the general health and/or medication could affect bone healing, as 

determined by the oral and maxillofacial surgeon.
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All variables were assessed during the original RCT by using a questionnaire that was 
completed by the OMF surgeon directly post-operative. For the outcome variable “sur-
geons’ opinion” an extra questionnaire (Table 2) was also used. The questionnaire was 
sent to all participating OMF surgeons (n=11) who performed more than 5 operations 
(n=5) with the biodegradable system.

Statistical analysis
The Statistical Package of Social Sciences (SPSS, version 18.0) was used to analyze the 
data. Differences between the groups with regard to normally distributed variables were 
analyzed by the independent-samples t test. For dichotomous variables Chi-squared/
Fisher’s exact tests were used. To identify predictor variables for switching, potential 
influencing factors were tested univariately in a logistic regression analysis. To ensure 
broad inclusion of possible determinants, α was set at .15 for the univariate analyses. 
All significant variables were then submitted for multiple logistic regression analysis. Re-
garding the type of surgical procedure, as predictor variable for switching, dummy vari-
ables were made. Regarding the number of operations performed by a surgeon with the 
biodegradable system, as predictor variable for switching, all surgeries received a rank 
number, i.e., the first operations by each surgeon all received the number ‘1’, the second 
operations the number ‘2’, etc. The ‘learning curve’ for the handling characteristics was 
tested in a linear regression analysis. The outcome variables for the learning curve were 
the intra-operative handling characteristics. The predictor variable was the rank number 
of operation performed by each surgeon. The difference in handling characteristics, and 
reasons for switching between the types of surgical procedure were tested with a One-
way ANOVA and Fisher’s exact test respectively. p-values less than .05 were considered 
statistically significant.

Table 3. Gender/age distribution, and surgical procedures of the biodegradable 
randomized group obtained from the original RCT (n=112*)

Description Non-switches†
(n=87)

Switches†
(n=25)

p value

Gender/age distribution

     Male (n) 43 (49.4%) 12 (48%)
> 0.99

     Female (n) 44 (50.6%) 13 (52%)

     Age (mean +/- s.d. in yrs)

             (range in yrs)

31 +/- 12

14-59

30 +/- 11

18-49
0.66

Surgical procedures 0.076

     BSSO (n) 55 (78.6%) 15 (21.4%)

     Le Fort-I osteotomy (n) 8 (100%) 0

     Bimaxillary osteotomy (n) 16 (76.2%) 5 (23.8%)

     Mandibular fracture (n) 4 (44.4%) 5 (55.6%)

     Zygoma fracture (n) 4 (100%) 0

*The 5 biodegradable-randomized protocol violators are not included. Protocol violation: after randomization it 
turned out the patient met an exclusion criteria (see Chapter 2: Fig. 1 (Buijs et al. 2012) [23])
†Switches and non-switches are biodegradable-randomized patients where the OMF surgeon decided to switch to 
the titanium system intra-operatively, and in whom the biodegradable application was successful, respectively.
Abbreviations: BSSO = bilateral sagittal split osteotomy, n = number, s.d. = standard deviation.

Results

Baseline characteristics
The 25 ‘switch patients’ had a mean age of 30 years (s.d. 11 yrs), and 13 (52%) were 
females (Table 3). The 87 ‘non-switch patients’ had a mean age of 31 years (s.d. 12 yrs), 
and 44 (50.6%) were females. In 15 of the 70 patients (21.4%) who were treated with 
a BSSO, in 5 of the 9 (55.6%) mandible fractures, and in 5 of the 21 bimaxillary osteoto-
mies (23.8%) there was a switch intra-operatively. There were no switches in patients 
treated with a solitary Le Fort-I osteotomy or in patients treated for a zygomatic fracture. 
Both age, sex, and types of surgical procedure did not significantly differ between both 
groups (p-values: 0.66; >0.99; and 0.076). There were 11 OMF surgeons who performed 
between 1 and 5 operations with the biodegradable system (Fig. 2). In 5 of the 11 ‘first 
operations’ (45%) there was a switch to titanium. There were only 5 surgeons who per-
formed more than 5 ‘biodegradable-operations’. They decided to switch to titanium in 
9-62% of their cases. There was one OMF surgeon who had significantly more switches 
(8 of his 13 operations (62%); 32% of the total amount of 25 switches) than the other 
surgeons (p=0.025). 

Table 2. Questionnaire used to evaluate the surgeons’ opinion

-	 Indicate what you think of the user comfort, and confidence in the system for Inion CPS as 

well as for KLS Martin titanium (scale 1-10);

-	 Are there important aspects for OMF surgeons who are planning to use Inion CPS? If so, 

please specify;

-	 Is there a difference in using Inion CPS between the different surgical procedures?;

-	 What problems have you encountered when using Inion CPS? And if so, is there a differ-

ence between the different types of surgical procedure?
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Figure 2. There were 11 OMF surgeons who performed at least one operation with 
the biodegradable system. Surgeon no.1 performed a total of 41 operations with the 
biodegradable system. In 7 of his cases (17%) there was an intra-operative switch 
to titanium. These switches took place during the 1st, 18th, 19th, 20th, 30th, 37th, and 
41st operation that surgeon no.1 performed. Surgeon no.4 had significantly more 
switches (8 of his 13 operations (62%)) than the other surgeons (p=0.025). In total 
it seems that there was no less switching as the number of operations performed by 
a surgeon increased. 
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Predictor variables
Age (p=0.66; OR 0.99; 95%CI 0.96-1.03), female sex (p=0.9; OR 1.1; 95%CI 0.4-2.6), 
and the number of ‘biodegradable-operations’ performed by a surgeon (p=0.71; OR 
0.99; 95%CI 0.95-1.04) were not statistically associated with an intra-operative change 
to titanium in the univariate analyses. A mandibular fracture had a higher risk of switching 
compared to a BSSO (p=0.037; OR 4.6; 95%CI 1.1-19.2). A multiple logistic analysis was 
not performed, because this was the only significant variable in the univariate analyses.

Learning curves
The rank number of the operation performed by the surgeons was not statistically associ-
ated with better intra-operative handling characteristics in a linear regression (p-values: 
0.56; 0.48; 0.27; and 0.56 for plate adaptation, drilling/tapping, screw insertion, and 
wound closure respectively).

Differences between the types of surgical procedure
Handling characteristics
As far as the handling characteristics between the surgical procedures are concerned, 
there was a significant difference between the operation types for screw insertion 
(p=0.023) and wound closure (p=0.022) (Table 4). The Bonferroni Posthoc Analysis re-
vealed that for screw insertion this difference could be explained by the bimaxillary os-
teotomy versus the zygomatic fracture (6.7 vs. 9.5; p=0.04), and for wound closure this 
difference could be explained by the BSSO versus the bimaxillary osteotomy (8.6 vs. 7.8; 
p=0.025).

Reasons for switches 
Inadequate fixation (n=17), especially non-grip of the screws (n=6), was the main overall 
reason for switching, and for each type of surgical procedure separately (Table 5). There 
were no significant differences between the types of surgical procedure regarding the 
reasons for switching (p=0.72).

Surgeons’ opinion
The extra questionnaire was answered by all OMF surgeons (n=5) who performed more 
than 5 ‘biodegradable-operations’. This showed that the user comfort of and confidence 
in the biodegradable system was significantly less compared to the titanium system (5.6 
versus 8.6, p=0.001; and 6.6 versus 9.2, p=0.023 respectively). All our surgeons agree 
that there was a learning curve to acquire the different application-skills for the biode-
gradable system. They also agree that in regions with thin overlying skin, i.e., the infra-or-
bital rim, and in regions with thin bone, i.e., the maxilla/mid-face, the Inion CPS 2.0-mm 
plate is relatively “bulky”, and in the mid- face area the screws are more difficult to apply. 
They noticed that there is no difference in using Inion CPS in trauma and orthognathic 
cases, and that screws need to be fixed ‘finger tight’ only.
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Discussion

In this study we found that a mandibular fracture had a higher risk of switching from 
the biodegradable plates and screws of Inion CPS to the titanium plates and screws of 
KLS Martin compared to a BSSO. However, firm conclusions cannot be drawn, because 
one switch of the total of 5 switches seen in mandibular fractures was due to logistical 
problems and for another switch the reason was unknown. There was a subjective learn-
ing curve in the use of the biodegradable fixation system, which could not be objectified 
with statistical analysis.
It is remarkable that there was one surgeon who statistic significantly switched to tita-
nium more often than the other surgeons. Unfortunately there is an inconsistency in the 
number of operations performed with the biodegradable system by each surgeon. This 
resulted in a large spread of switching percentages, which makes it hard to extract proper 
data to support firm conclusions. In retrospect the 2 test-surgeries may have been a too 
small an amount. Personal preferences probably also play an important role. In total it 
seems that there was similar switching as the number of operations performed by a sur-
geon increased (Fig. 2).
In contrast to our expectations switches were mainly seen in the mandible, and only in a 
small percentage in the maxilla. All switches in the maxilla were during bimaxillary cases. 
In solitary Le Fort-I osteotomies no switches were observed at all. 
Singh et al. (2011) in a study that included 14 patients with zygomatic fractures treated 
with Inion reported no intra-operative switches [84]. This is in conjunction with our results 
since we also found no switches in patients treated for zygomatic fractures. They noticed 
no plate fracture during manipulation, but 2 cases of screw head fracture occurred while 
tightening. To prevent this they stated that screws need to be fixed ‘finger tight’ only, and 
care must be taken while placing them, especially in thin bones. The surgeons in our study 
agree on these items. Furthermore, Singh et al. stated that the angulation and the pressure 
at the time of drilling and tapping are important factors in this technique-sensitive system, 
and that inadequate drilling or tapping length could be a reason for screw head fracture. 
When screw fractures occur, a new hole can be drilled through the broken screw, and after 
re-tapping, a new (emergency) screw may be inserted [4,85]. We found that plate fracture 
was a reason to switch to titanium, screw fractures were not. In the current study inad-
equate fixation, especially non-grip of the screws, was the main overall reason for switch-
ing. For sufficient screw grip there has to be sufficient cortical bone. Removing too much 
bone, i.e., drilling too broadly, or tapping too roughly, or when screw insertion is performed 
too roughly (with subsequent breaking of the thread), results in non-grip of screws. The 
reasons for inadequate fixation can be material-related, but can also be related to inexperi-
ence or impatience of surgeons. Less confidence in the system could be another reason for 
switching. In our study the confidence in the biodegradable system was significantly less 
when compared to the titanium system. Singh et al. (2011) agree that there was a learning 
curve to acquire the different application-skills for the Inion biodegradable system.

Choi et al. (2011) evaluated the post-surgical relapse in maxillary surgery in 20 patients. 
They also used the resorbable plates of Inion CPS. In contrast to our study they did not 
report any intra-operative switches [86]. 
Paeng et al. (2011) reported on a comparative study of skeletal stability after mandibular 
setback between Inion CPS and a titanium system with 25 patients in both groups. They 
did not report any intra-operative switches, but they used bicortical screw fixation instead 
of the monocortical plate/screw-fixation that was used in our study [87].
Bayat et al. (2010) in a study that included 19 patients with mandibular angle fractures 
treated with Inion CPS also did not report any intra-operative switches [85]. 
Many authors that use different other kinds of biodegradable systems also did not report 
any intra-operative switches [25,80,88,89].
Wittwer et al. (2005) evaluated the clinical application of three different biodegradable 
fixation systems for treatment of zygomatic fractures [48]. In this study in 23 (24.5%) of 
the 94 fracture sites there was a switch to titanium plates and screws. Non-stable fixation 
(n=7) and fixation of small fragments (n=16) were the reasons for switching. They stated 
that biodegradable materials were frequently unfeasible for use at the infra-orbital rim 
and in the zygomaticomaxillary/anterior sinus wall area, probably because the biodegrad-
able plates are too bulky in these areas. Although the surgeons in our study agree on this 
item in the questionnaires, the number of zygomatic fractures in our series is too small 
(n=4) to substantiate these findings. 
Unlike the study of Buijs et al. [23], Jain et al. (2006) stated that contouring resorbable 
plates is easier than metallic plates [70]. It has been stated that with few extra tools (i.e., 
heating bath, bending templates) biodegradable plates can be easily handled and adapt-
ed [71]. In our study the user comfort of the biodegradable system was significantly less 
when compared to the titanium system. Contouring of the plates was not always easy 
and in a few cases inadequate plate adaptation was a reason to switch to titanium. Bos 
(2005) mentioned that biodegradable plate bending, pre-tapping and screw insertion are 
very time consuming and far more complicated than titanium [72]. In our original RCT it 
is described that an operation with the biodegradable system takes 7 minutes longer on 
average than an operation with the titanium system [23].
The extra questionnaire for the OMF surgeons who performed more than 5 ‘biodegrad-
able-operations’ is non-validated and limited by potential recall bias, i.e., a surgeon who 
decided to switch systems more often may be more apt to recall technical difficulties with 
instrumentation.
We could not objectify the subjective learning curve, probably because the numbers 
are too small. Several OMF residents performed (parts of the) surgeries for their training 
program. This may have resulted in lower scores and failure to identify a learning curve. 
There probably would have been fewer switches when all the surgeries were performed 
by a smaller number of skilled and experienced surgeons, but this was practically unfeasi-
ble in OMF Training Clinics. In daily practice without residents the usage of Inion CPS may 
therefore be easier and may result in fewer switches. 
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Conclusion

In summary, it is concluded that analysis of the intra-operative switches showed that a 
mandibular fracture had a higher risk of switching compared to a BSSO. However, looking 
at the reasons for these switches no firm conclusions can be drawn. We found no other 
statistically significant predictor variables that could aid in deciding in advance whether 
to use the biodegradable plates and screws of Inion CPS or not.
There is a subjective learning curve to acquire the application-skills for the biodegradable 
system of Inion CPS. A learning curve and personal preferences probably play a crucial 
role in the decision making process of switching. The results presented are part of a 
longer running follow-up study. The potential incentive to use this biodegradable fixation 
system, i.e., less plate removals, should be determined after at least five years of follow-
up. This will be described elsewhere.
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Abstract

Background - Biodegradable osteosynthesis could reduce/delete the problems associ-
ated with titanium plate removal. 
Aim - The aim of the present study was to compare the clinical performance in the first 
2 post-operative years between a biodegradable and a titanium system in oral and maxil-
lofacial surgery.
Materials & Methods - The multicenter randomized controlled trial (RCT) was per-
formed in the Netherlands from December 2006-July 2009. Included were 230 patients 
who underwent a bilateral sagittal split osteotomy (BSSO) , a Le Fort-I osteotomy, or a bi-
maxillary osteotomy and those treated for fractures of the mandible, maxilla, or zygoma. 
The patients were randomly assigned to a titanium group (KLS Martin) or to a biodegrad-
able group (Inion CPS). 
Results - Plate removal was necessary in 16 of the 134 patients (11.9%) treated with tita-
nium and in 21 of the 87 patients (24.1%) treated with the biodegradable system within 
the first 2 post-operative years [p=0.016, Hazard Ratio (HR) biodegradable (95%CI) = 
2.2 (1.1-4.2), HR titanium = 1]. 
Occlusion, VAS- and MFIQ-scores showed that both groups had a good mandibular func-
tion and were (almost) free of pain one and two years post-operatively. 
Conclusion & Discussion - In terms of plate removal within the first 2 post-operative 
years, the performance of the biodegradable system was inferior compared with that of 
the titanium system for fixation of mandibular, Le Fort-I, and zygomatic fractures, and 
BSSO’s, Le Fort-I osteotomies, and bimaxillary osteotomies. Given the rates of plate re-
moval and the intra-operative switches (Chapter 3) from the biodegradable system to the 
titanium system, there seems to be no place for the clinical usage of Inion CPS in treat-
ment of these surgical situations. To put the usage into a broader perspective, it is also 
necessary to take relapse and cost-effectiveness into account.
Trial registration: http://www.controlled-trials.com; ISRCTN 44212338.

Keywords: Surgical fixation devices, oral surgery, oral surgical procedures, maxillofacial 
injuries, treatment outcome, safety.

Introduction

Titanium is regarded as the “golden standard” for osteosynthesis. Because of sequelae, 
titanium must be removed following bone healing, in a second operation, in 5-40% of 
the cases [16,19]. 
Biodegradable plates and screws have been developed to dissolve in the human body, to 
reduce or even eliminate the problems associated with titanium. 
Biodegradable fixation systems may also have their limitations. Adverse tissue reactions to 
degradation products have been reported [49,50]. According to the literature, biodegrad-
able fixation devices must be removed in a second operation in 0-31% of the cases [51,52].
Most studies reported in the literature comparing biodegradable and titanium osteofixa-
tion devices are not randomized controlled trials (RCTs), and the RCTs that are available 
have a relatively short follow-up [53]. We therefore conducted a randomized controlled 
clinical trial comparing titanium vs. a biodegradable fixation system with a long follow-up 
period. The trial design and short-term outcomes after 8 wks of healing have been previ-
ously published [23]. Briefly, short-term healing outcomes were similar between biode-
gradable and titanium fixation, although, in a significant proportion (25/117) of patients 
randomized to the biodegradable fixation system, the operating surgeons decided intra-
operatively to switch to the titanium system, due to either technical complications such as 
non-grip of the screws or for other reasons. Details regarding these switches have been 
described elsewhere [90]. 
The aim of the present paper was to compare the clinical performance between the 
biodegradable and the titanium fixation systems after 24 mos of follow-up regarding 
fixation of mandibular, Le Fort-I, and zygomatic fractures, and bilateral sagittal split oste-
otomies (BSSO), Le Fort-I osteotomies, and bimaxillary osteotomies.

Materials & Methods

This RCT has been described according to the CONSORT statement 2010 (http://www.
consort-statement.org/).

Study population
Recruitment for this RCT was performed from December 2006 to July 2009. Two hun-
dred thirty patients were treated at 4 different departments of Oral and Maxillofacial 
(OMF) Surgery in the Netherlands (University Medical Centre Groningen, Rijnstate Hospi-
tal Arnhem, Amphia Hospital Breda, and Medical Centre Leeuwarden).
The inclusion and exclusion criteria are summarized in Table 1. All patients provided writ-
ten informed consent prior to enrollment. Details regarding the randomization procedure 
have been described in detail elsewhere [23]. The study was approved by the Medical 
Ethical Committees of the participating hospitals.
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patients did not receive rigid maxillomandibular fixation, but soft guiding elastics, and 
were instructed to eat a soft diet for five wks. In the design of the RCT, it was agreed that 
routine removal of asymptomatic plates would not be performed.

Outcome measures
The most important outcome variable in the current study was the removal of the plates/
screws (yes/no) (on a patient level) within the first 2 post-operative yrs after treatment 
with the biodegradable or the titanium system, with the time of removal, i.e., survival 
time, taken into account. The 25 intra-operative switches from the biodegradable to the 
titanium system possibly influenced plate removal.
The following other outcome measures were assessed:
(1)	 reasons for plate/screws removal;
(2)	 clinical: correct occlusion (yes/no), palpability of plates/screws (yes/no), wound de-

hiscence (yes/no), abscess formation (yes/no), and signs of inflammation (rubor, 
calor, dolor, tumor, or functio leasa: yes/no);

(3)	 radiographic: correct position of the bone segments (yes/no; position of teeth, path 
of mandibular canal, and contour of cortical structures);

(4)	 patient-related (self-evaluation): pain reported on a Visual Analogue Scale (VAS; 
range 1-100) and mandibular function evaluated by the 17 questions on the Man-
dibular Function Impairment Questionnaire (MFIQ) [81]; ranging 17-85: a higher 
score means worse function; and

(5)	 interventions within the first and second post-operative yrs: wound irrigation with 
saline (yes/no), use of antibiotics (yes/no), abscess incision and drainage (yes/no).

The outcome measures were evaluated 1 and 2 yrs post-operatively by a colleague of the 
surgeon performing OMF surgery and recorded on Case Report Forms. The following ra-
diographs were taken during these outpatient visits: an orthopantomogram (OPT; all indi-
cations), a lateral cephalogram (osteotomies), an occipito-mental radiograph (zygomatic 
fracture), and a fronto-suboccipital radiograph (mandible fracture). Data from unplanned 
intermediate outpatient visits – such as time-to-event data, i.e., plate removals – were 
recorded on Case Report Forms.

Statistical analysis
Inclusion of the 230 patients was based on power analysis with the outcome meas-
ure ‘bone healing after 8 weeks’, and has been described in detail elsewhere [23]. The 
Statistical Package of Social Sciences (SPSS, version 20.0) was used for data analysis. 
The means and standard deviations of normally distributed variables were calculated and 
analyzed by the independent-samples t test. Skewed variables were either transformed 
to obtain normally distributed variables, or (if this could not be achieved) analyzed by 
non-parametric tests. Dichotomous variables were analyzed using the Chi-squared or 
the Fisher’s exact test. The survival of plate removal between the biodegradable and the 
titanium groups was analyzed by the Logrank test (or Cox regression when the ‘intra-
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Interventions
The patients were assigned to a titanium control group (KLS Martin, Gebrüder Martin 
GmbH&Co., Tuttlingen, Germany) or to a biodegradable test group (Inion CPS, Inion Ltd., 
Tampere, Finland). Neither prior to nor after surgery were the patients informed of the 
system that had been used.
All plates and screws were applied according to the instructions of the manufacturers. 
For fixation of mandibular osteotomies and fractures, 2.5-mm biodegradable or 2.0-mm 
titanium plates and screws were used, while 2.0-mm biodegradable or 1.5-mm titanium 
plates and screws were used for fixation of zygoma fractures, Le Fort-I fractures, and Le 
Fort-I osteotomies. Each participating OMF surgeon performed 2 ‘test-surgeries’ using 
the biodegradable system to acquire the different application-skills, i.e., pre-tapping the 
screw holes and pre-heating the plates, and getting used to the different dimensions of 
the material. These ‘test-surgeries’ were not included in the study. Post-operatively, the 

Table 1. Inclusion and exclusion criteria

Inclusion criteria:

-	 patients scheduled for a Le Fort-I fracture, and/or a solitary or multiple (maximum 2) 

mandibular fracture(s), and/or a zygoma fracture;

-	 patients scheduled for a Le Fort-I osteotomy, and/or a Bilateral Sagittal Split Osteotomy 

(BSSO);

-	 patients (also parents or responsible persons if necessary) who signed the informed 

consent form.

Exclusion criteria:

-	 patients who were younger than 18 years old (trauma), or patients who were younger 

than 14 years (osteotomies);

-	 patients presented with heavily comminuted fractures of the facial skeleton;

-	 patients who experienced compromised bone healing in the past;

-	 patients who were pregnant;

-	 patients who could/would not participate in a 1-year follow-up (reasons);

-	 patients who would not agree with an at random assignment to one of the treatment 

groups, or one of the methods or treatment administered in the study;

-	 patients who were diagnosed with a psychiatric disorder (diagnosed by a psychiatrist);

-	 patients who experienced cleft lip and palate surgery in the past;

-	 patients where fracture reduction and fixation was delayed for more than 7 days (after day 

of trauma);

-	 patients of whom the general health and/or medication could affect bone healing, as 

determined by the oral and maxillofacial surgeon.
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operative switches’ appeared to contribute significantly to plate removal according to a 
separate Logrank test, for which α was set at <0.10). The Hazard ratio was calculated by 
Cox regression. The Hazard ratio and a Kaplan-Meier curve were described only when the 
Logrank/Cox regression for plate removal revealed a significant difference. The estimated 
plate removal rate was calculated by dividing the number of events (plate removal) by the 
total plate exposure time. The total exposure time was calculated by taking the sum of:
(1)	 the exposure time up to plate removal of plates that were removed during the obser-

vation time;
(2)	 the exposure time of plates that were not removed and could be followed for the en-

tire observation period; these patients were censored at 2 yrs in the survival analysis;
(3)	 the exposure time up to the end of the observation of plates that were not removed 

and where patients did not complete the entire observation period as a result of 
reasons such as missed appointments or refusal to participate in follow-up visits 
(lost to follow-up). Patients in this category were contacted by telephone, and were 
asked if their plates had been removed during the lost-to-follow-up period. We also 
viewed their (digital) records. If their records showed no plate removal, no matter if 
they could be reached by telephone, these patients were also censored at 2 yrs. 

The other post-operative interventions were analyzed in the same way.
Any p values less than .05 were considered statistically significant. 

Results

Fig. 1 represents the flow of the 230 randomized patients during the phases of the re-
search project. Eight wks post-operatively, there were 133 patients in the titanium group 
and 84 patients in the biodegradable group [23]. This is the starting point of the present 
study. There were 18 ‘lost-to-follow-up’ patients from 8 wks to 1 yr post-operatively. This 
resulted in an analysis of 124 patients in the titanium group and 75 patients in the biode-
gradable group after 1 yr. Another 50 patients did not complete the follow-up after 2 yrs. 
This resulted in 93 patients in the titanium group and 56 patients in the biodegradable 
group. There were significant more men lost to follow-up and more plate removals in the 
lost-to-follow-up patients (Appendix Table).
All baseline characteristics did not differ significantly between the biodegradable and 
titanium groups after 1 and 2 yrs (Table 2). 
Regarding the removal of the plate/screws within the first 2 post-operative yrs, there 
were 16 of the 134 patients (11.9%) who received titanium and 21 of the 87 patients 
(24.1%) who received the biodegradable system who needed a second operation to 
remove the plates/screws (Table 3; Fig. 2). Thirteen of these removals were seen in the 
72 patients who did not complete the entire observation period of 2 yrs. Viewing the 
records of the other 59 lost-to-follow-up patients revealed 3 extra plate removals, and 
no other post-operative interventions. Forty of the other 56 patients could be contacted 
by telephone. This revealed no extra interventions. The ‘intra-operative switches’ did not 
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Figure 1. Flow diagram of patient’s progress though the phases of RCT
*The 8 wks post-operative analyses have been described in detail elsewhere (Buijs et al. 2012).

Excluded (n= 604)

-	 Not meeting in- exclusion criteria (n= 105)

-	 Refused to participate (n= 499)

Operated with titanium (n=134)

Analyzed (ITT) in biodegradable group (n = 117)*

Protocol violations (n = 5)

-	 after randomisation it turned out patients had 

cleft lip and palate (n = 3);

-	 after randomisation it turned out patient had a 

psychiatric disorder (n =  1);

-	 randomized to the wrong centre (n = 1)

Treatment Received (n = 87)

Treatment Received violations (n = 0)

Operated with Inion CPS (n=87)

Enrolment

Analyzed (ITT) in titanium group (n = 113)*

Protocol violations (n = 2)

-	 after randomisation it turned out patient had 

cleft lip and palate (n = 1)

-	 randomized to the wrong centre (n =1)

Treatment Received (n = 136)

Treatment Received violations (n = 2)

-	 stable position zygomatic fracture achieved 

without osteosynthesis (n =  1);

-	 fixation mandibular fracture with lag screws 

without titanium plate (n = 1).

Allocated to titanium group (n=113)Allocated to biodegradable group (n = 117)

Biodegradable group Titanium group

Assessed for eligibility (n= 834)

Patients randomized (n= 230)

Switched to titanium (n = 25)

Allocation

Lost-to-follow-up (n=9)Lost-to-follow-up (n=9)

Analyzed (TR) (n = 124)Analyzed (TR) (n = 75) Analyses

Follow-up1 yr

Analyzed (TR) (n = 93)Analyzed (TR) (n = 56) Analyses

Lost-to-follow-up (n=31)Lost-to-follow-up (n=19) Follow-up2 yrs

Analyzed (TR) (n = 133)Analyzed (TR) (n = 84) Analyses

Lost-to-follow-up (n=1)Lost-to-follow-up (n=3) Follow-up*8 wks
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Figure 2. Kaplan-Meier curve of plate removal for the first 2 post-operative yrs on total 
Treatment-Received group (n=221: titanium n=134, biodegradable n=87). Hazard Ratio 
(HR) biodegradable = 2.2 (95%CI: 1.1-4.2), HR titanium = 1; p=0.016.

contribute significantly to plate removal (p=0.59), nor did they contribute to any of the 
other post-operative interventions (data not shown). Therefore, the treatment variable, 
i.e., biodegradable or titanium, was tested (univariately) in the plate removal analysis 
by the Logrank: p=0.016 [hazard ratio (HR) biodegradable (95%CI) = 2.2 (1.1-4.2), HR 
titanium = 1].
In the biodegradable group, all 21 removals were due to clinical problems located in the 
mandible and were seen in the 79 patients (26.6%) treated with an osteotomy. In the 
titanium group, 2 of the 16 removals (12.5%) were at the request of mandibular fracture 
patients with clinically asymptomatic plates/screws. All the other removals (87.5%) were 
due to clinical problems and, with one exception, were seen only in patients who had 
undergone an osteotomy.
Abscess formation was the main reason for plate removal in both groups: 12 of the 21 
removals (57.1%) in the biodegradable group, and 10 of the 16 removals (62.5%) in the 
titanium group.
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The analysis after 1 yr showed significant differences regarding palpability (titanium 
38.9% vs. biodegradable 69.6%; p<0.001), and MFIQ [titanium: median 21 (17-39) vs. 
biodegradable: median 17 (17-44); p=0.006]. There were no significant differences re-
garding occlusion, dehiscence, inflammatory reactions, and position of the bone frag-
ments 52 wks post-operatively. Self-evaluation of pain revealed VAS scores near zero 
for both groups. The post-operative interventions ‘wound irrigation with saline’, ‘use of 
antibiotics’, and ‘abscess-incision-and-drainage’ within the first post-operative year, did 
not differ significantly between groups. Analysis after 2 yrs revealed significant differ-
ences regarding inflammatory reactions [titanium 0/93 vs. biodegradable 5/56 (8.9%); 
p=0.006], and MFIQ [titanium: median 19 (17-42) vs. biodegradable: median 17 (17-44); 
p=0.001].

Discussion

Analysis revealed that the biodegradable system (Inion CPS) performed inferiorly to the 
titanium system (KLS Martin) in terms of plate removal. The risk for removal when biode-
gradable plates and screws were used was 2.2 times higher than that when titanium was 
used, within the first 2 post-operative yrs.
In the biodegradable group all plate removals and in the titanium group nearly all remov-
als were due to clinical problems located in the mandible, due mainly to abscess forma-
tion. This is possibly related to the morphology of the bone and the lesser vascularization 
of the mandible as compared with other parts of the facial skeleton. In the biodegradable 
group, there were no removals in patients who were treated for a fracture, probably be-
cause of the relatively low number of fractures included in this study. 
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Legend Table 3
 
*Tested two-tailed.
‡Percentages (%) on total Treatment-Received group of 221 patients: 134 patients in the titanium group, and 
87 patients in the biodegradable group. The numbers (and percentages) given at ‘2 Years’ include the numbers 
after ‘1 Year’. There were five biodegradable-randomized patients with an intra-operative switch to the titanium 
fixation system, who needed plate removal within the first post-operative year. For analysis, these ‘switches’ were 
added to the titanium group. There were no titanium-randomized patients with an intra-operative switch to the 
biodegradable system. The ‘intra-operative switches’ did not significantly contribute to plate removal (p=0.59), 
or to any of the other post-operative interventions (data not shown). Therefore, the treatment variable, i.e., 
biodegradable or titanium, was tested (univariately) in the analyses of the post-operative interventions using 
the Logrank (p=0.016). A separate Logrank test showed no significant difference in plate removal percentages 
between the surgical procedures (p=0.62).
¶Removal of plate/screws in the mandible as well as the maxilla.
#Removal of plate/screws only in the mandible.
||These 2 removals of plates/screws were at patients’ request for asymptomatic plates/screws. All the other 
removals in Table 3 were due to clinical problems, i.e., swelling, dehiscence, infection, abscess formation, screw 
loosening, irritation/pain.
†Analyses performed without the Protocol violations, the Treatment-Received violations, and lost-to-follow-up 
patients (see Fig. 1).
∞The patients in whom the plates/screws were removed were not included in the analysis.
**The mandibular function was evaluated by the 17 questions on the MFIQ [81]; range 17-85; a higher score 
means worse function.
Abbreviations: BSSO = bilateral sagittal split osteotomy, MFIQ = Mandibular Function Impairment Questionnaire 
(range 17-85), n = number, s.d. = standard deviation, VAS = Visual Analogue Scale (range 1-100).
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for the patients who could not be contacted by telephone, it could be possible that a 
plate was removed in a hospital other than that in which the patients’ surgery was per-
formed, but this is highly unlikely.
The study was performed in 4 different hospitals, and no center effect for plate removal 
could be identified (data not shown). It can therefore be expected that the results of the 
use of the Inion CPS biodegradable system in other hospitals will be similar to those in 
our study.
In conclusion, in terms of plate removal within the first 2 post-operative years, the per-
formance of the Inion CPS biodegradable system was inferior compared with that of the 
titanium KLS Martin system for fixation of mandibular, Le Fort-I, and zygomatic fractures, 
and BSSO’s, Le Fort-I osteotomies, and bimaxillary osteotomies. Given the rates of plate 
removal and the intra-operative switches from the biodegradable system to the titanium 
system, there seems to be no place for the clinical usage of Inion CPS in treatment of 
these surgical situations. To put the usage into a broader perspective, it is also necessary 
to take relapse and cost-effectiveness into account.
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Despite the RCT protocol prescribing non-removal of asymptomatic plates, in the titani-
um group there were 2 removals of clinically asymptomatic plates/screws on the patients’ 
request.
The reasons for inflammatory reactions/abscess formations are unclear. Bacterial cultures 
were taken in only a few (three) patients with biodegradable plate removal. These cul-
tures showed sterile inflammatory reactions. We speculate that these inflammatory reac-
tions are due to the degradation phase. As long as the biodegradable material is solid (in 
the early stages), only a fibrous capsule is formed. At the moment that small particles, 
which can undergo phagocytosis, have developed (at later stages), a foreign body reac-
tion develops [49]. A low pH, caused by lactid acid (degradation product) may contribute 
[91,92].
Occlusion, VAS- and MFIQ-scores showed that the patients in both groups had good 
mandibular function and were (almost) free of pain 1 and 2 yrs post-operatively. We 
believe that the small difference in MFIQ is not clinically relevant.
One yr post-operatively, there were more patients in the biodegradable group in whom 
the plates/screws were palpable. After 2 yrs, there were no significant differences in 
palpability. According to the manufacturer, this can be expected, since full resorption of 
Inion CPS should take place within 2 to 4 yrs [83].
Many other studies have reported plate removal in OMF surgery. Titanium plate removal 
in trauma surgery (5-40%) [16,18] and in orthognathic surgery (7-19%) has been de-
scribed [19,20]. For biodegradable systems, these percentages are 0% to 31% [51,93] 
and 0% to 3% [52,94,95], respectively. None of these studies was a RCT, so no firm 
conclusion can be drawn.
There are few RCTs that compared Inion with titanium plate removal. Bhatt et al. (2010) 
reported 0% biodegradable vs. 31% titanium (Synthes) plate removal in 40 patients 
treated for mandibular fractures [96]. These percentages are similar to the removal per-
centages for mandibular fractures in our study. Their follow-up period was only 8 post-
operative wks, while in our study most removals occurred beyond that period. Leonhardt 
et al. (2008) also compared Inion with the KLS Martin titanium system in the treatment 
of mandibular fractures [97]. They reported removal of clinically symptomatic plates in 
five of the 30 patients (16.6%) in the biodegradable group, and in four of the 30 patients 
(13.3%) in the titanium group in the first 6 post-operative mos. In this study, on occa-
sion, unavailability of the required plating system obscured randomization. In our study, 
there were no removals of clinically symptomatic plates/screws in patients treated for a 
mandibular fracture.
The (disturbing) intra-operative switches from the biodegradable to the titanium system 
are not compensated by the titanium plate removals. In fact, there were even more plate 
removals in the biodegradable group.
It is unclear why significantly more men were lost to follow-up. We believe that this did 
not influence the outcome of the post-operative interventions, i.e., plate removal, be-
cause we viewed the patients’ records and contacted them by telephone. Theoretically, 
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Appendix Table. Baseline characteristics and outcome measures after 1 year of patients 
lost to follow-up after 2 years and patients not lost to follow-up

Description LTFU Not LTFU p value*
Baseline characteristics†

Surgical procedures 72 149

     BSSO 44 (61.1%) 98 (65.8%) 0.06

     Le Fort-I osteotomy 5 (6.9%) 11 (7.4%)

     Bimaxillary osteotomy 11 (15.3%) 34 (22.8%)

     Mandibular fracture 6 (8.3%) 4 (2.7%)

     Le Fort-I fracture 1 (1.4%) 0

     Zygoma fracture 5 (6.9%) 2 (1.3%)

Gender/age distribution

     Male 40 (55.6%) 58 (38.9%) 0.02

     Female 32 (44.4%) 91 (61.1%)

     Age (mean +/- s.d. in yrs) 30 +/- 12 32 +/- 12 0.26

             (range in yrs) 14-60 15-59

Outcome measures‡

Post-operative interventions

     Removal plate/screws (n (%))     16 (22.2%) 16 (10.7%) 0.001

     Irrigation with saline (n (%)) 0 2 (1.3%) 0.34

     Antibiotics (n (%)) 4 (5.6%) 13 (8.7%) 0.50

     Abscess incision & drainage (n (%)) 0 1 (0.7%) 0.50

Clinical assessments

     Non-correct occlusion 6 (12%) 14 (9.4%) 0.58

     Palpability plate/screws∞ ‌ 11 (28.9%) 72 (55%) 0.006

     Dehiscence 1 (2%) 1 (0.7%) 0.45

     Abscess formation 1 (2%) 4 (2.7%) > 0.99

     Inflammatory reactions 3 (6%) 2 (1.3%) 0.72

Radiographic assessment

     Changed position bone segments 0 1 (0.7%) > 0.99

Self-evaluation of patient

     Pain VAS (mean +/- s.d.) 4 +/- 12 1 +/- 5 0.15

     MFIQ (median)**
                  (range)

19

17-57

20

17-61

0.94

Legend Appendix Table
 
*Two-tailed test.
†Analyses performed on the total Treatment-Received group of 221 patients, i.e., without the Protocol violations 
and the Treatment-Received violations (see Fig. 1).
‡There were 22 patients who were lost to follow-up before their one-year appointment. The outcome data 1 year 
post-operative of these patients is unknown. Therefore, the one-year analyses were performed on the other 50 
patients who were lost to follow-up at 2 years, but who were still present at 1 year. The post-operative interven-
tions were performed on the total 72 lost-to-follow-up patients. We collected the data of the post-operative 
interventions of the 22 patients who were lost to follow-up before their one-year appointment by telephoning 
them and by viewing their records. For readability, the plate removal rates per surgical procedure (see Table 3) 
were not described.
∞The patients in whom the plates/screws were removed were not included in the analysis.
**The mandibular function was evaluated by the 17 questions on the MFIQ [81]; range 17-85; a higher score 
means worse function.
The reasons for lost to follow-up were missed appointments (n=36), refusal to participate in follow-up visits 
(n=19), unattainability (n=16), and death due to a T4 liver tumor (n=1).
Abbreviations: BSSO = bilateral sagittal split osteotomy, LTFU = Lost-to-follow-up, MFIQ = Mandibular Function 
Impairment Questionnaire (range 17-85), n = number, s.d. = standard deviation, VAS = Visual Analogue Scale 
(range 1-100).
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Introduction

Titanium is regarded as the “golden standard” for osteosynthesis. It appears to be neces-
sary that titanium is removed following bone healing in a second operation in 5-40% of 
the cases [16,19].
Biodegradable fixation systems have been developed to dissolve in the human body in 
order to reduce or even delete the problems associated with titanium plate removal. Ac-
cording to prevailing literature biodegradable systems are removed in a second operation 
in 0-31% of the cases [51,52]. Less removal operations imply less surgical discomfort for 
the patients. It may also benefit society, as less removal operations will put less pressure 
on the operation room capacity and the specialists, and ensures less sick leave of patients.
The present study is part of a longer running research project. The trial design and short-
term outcomes after 8 weeks of healing have been previously published [23]. Briefly, 
short-term healing outcomes were similar between biodegradable and titanium fixation, 
although in a significant proportion (25/117) of biodegradable-randomized patients, the 
operating surgeons decided intra-operatively to switch to the titanium system, due to 
either technical complications such as non-grip of the screws or other reasons. Details 
regarding these switches have been described elsewhere [90]. In the literature no data is 
available regarding the cost-effectiveness of biodegradable plates and screws in maxillo-
facial surgery. Therefore, the aim of the present study was to establish the cost-effective-
ness of bone healing and plate removal of biodegradable plates and screws as a potential 
alternative to titanium regarding fixation of mandibular-, Le Fort-I-, and zygoma frac-
tures, and bilateral sagittal split osteotomies (BSSO), Le Fort-I osteotomies, and bimaxil-
lary osteotomies. An important sub-question is how do the costs of the intra-operative 
switches relate to the costs of the expected higher plate removal of titanium?

Materials & Methods

This RCT has been described according to the CONSORT statement 2010 (http://www.
consort-statement.org/).

Ethics Statement
All patients provided written informed consent prior to enrollment and to publication of 
the work. The study was approved by the Medical Ethical Committees of the 4 participat-
ing hospitals in the Netherlands (University Medical Centre Groningen, Rijnstate Hospital 
Arnhem, Amphia Hospital Breda, and Medical Centre Leeuwarden). This research re-
ceived no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors. The author(s) declare no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.
	

Abstract

Background - Biodegradable fixation systems could reduce/delete the problems associ-
ated with titanium plate removal. This means less surgical discomfort, and a reduction 
in costs. 
Aim - The aim of the present study was to compare the cost-effectiveness between a 
biodegradable and a titanium system in maxillofacial surgery.
Materials & Methods - This multicenter RCT was performed in the Netherlands from 
December 2006 to July 2009. Included were 230 patients who underwent a bilateral 
sagittal split osteotomy (BSSO), a Le Fort-I osteotomy, or a bimaxillary osteotomy and 
those treated for fractures of the mandible, maxilla, or zygoma. The patients were ran-
domly assigned to a titanium group (KLS Martin) or to a biodegradable group (Inion CPS). 
Costs were assessed from a societal perspective. Health outcomes in the incremental 
cost-effectiveness ratio (ICER) were bone healing (8 weeks) and plate removal (2 years). 
Results - In 25 out of the 117 patients who were randomized to the biodegradable 
group, the maxillofacial surgeon made the decision to switch to the titanium system intra-
operatively. This resulted in an Intention-To-Treat (ITT) analysis and a Treatment-Received 
(TR) analysis. Both analyses indicated that operations performed with titanium plates and 
screws had better health outcomes. In the TR analysis the costs were lower in the biode-
gradable group, in the ITT analysis costs were lower in the titanium group. 
Conclusion & Discussion – The difference in costs between the ITT and the TR analyses 
can be explained by the intra-operative switches: In the TR analysis the switches were 
analyzed in the titanium group. In the ITT analysis they were analyzed in the biodegrad-
able group.
Considering the cost-effectiveness the titanium system is preferable to the biodegradable 
system in the regular treatment spectrum of mandibular, Le Fort-I, and zygomatic frac-
tures, and BSSO’s, Le Fort-I osteotomies and bimaxillary osteotomies.

Keywords: Bone healing, plate removal, costs, economics, osteosynthesis, oral and max-
illofacial surgery.
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Study population
Recruitment of the RCT was performed from December 28, 2006 to July 22, 2009. Two 
hundred and thirty trauma and orthognathic patients were treated at the departments of 
maxillofacial surgery of the participating hospitals.
The inclusion and exclusion criteria are summarized in Table 1. The surgeons recruited the 
participants and assigned them randomly to one of the two treatment groups a day before 
(osteotomies) or immediately prior to (fractures) the operation. A statistician generated the 
randomization sequences using a computerized randomization program. The randomiza-
tion was performed using an IVRS (Interactive Voice Response System) (block size 10), 
which was available 24-hours a day to conceal the randomization sequence until the inter-
ventions were assigned. Randomization was stratified by hospital to ensure that the two 
treatment options were equally divided over the participating hospitals. The randomization 
procedure resulted in an ITT population of 113 patients in the titanium group and 117 pa-
tients in the biodegradable group [23]. Inclusion errors were made with 7 patients. In 25 

patients who were randomized to the biodegradable group, the operating surgeon made 
the decision to switch to the titanium system intra-operatively. Regarding the TR analysis, 
the 7 ‘inclusion error’-patients were excluded, and the 25 switches were added to the ti-
tanium group. Additionally, 2 Treatment-Received violations were excluded. This resulted 
in TR groups of 134 patients (titanium) and 87 patients (biodegradable), respectively.

Interventions
The patients were assigned to a titanium control group (KLS Martin, Gebrüder Martin 
GmbH&Co., Tuttlingen, Germany) or to a biodegradable test group (Inion CPS, Inion 
Ltd., Tampere, Finland). Neither prior to nor after surgery were the patients aware of the 
system that had been used.
All plates and screws were applied according to the instructions of the manufacturers. 
For fixation of mandibular osteotomies and fractures 2.5-mm biodegradable or 2.0-mm 
titanium plates and screws were used, whereas 2.0-mm biodegradable or 1.5-mm tita-
nium plates and screws were used for fixation of zygoma fractures, Le Fort-I fractures, 
and Le Fort-I osteotomies. Each participating maxillofacial surgeon performed 2 ‘test-
surgeries’ using the biodegradable system to acquire the different application-skills, i.e., 
pre-tapping the screw holes and pre-heating the plates, and to get used to the different 
dimensions of the material. These ‘test-surgeries’ were not included in the study. The 
patients did not receive rigid maxillomandibular fixation, but soft guiding elastics post-
operatively, and were instructed to maintain a soft diet for five weeks. In the design of the 
RCT it was agreed that routine removals of asymptomatic plates would not be performed.

Outcome measures
Cost-effectiveness was assessed from a societal perspective over a time horizon of 8 
weeks and 2 years: direct medical, direct non-medical, and the indirect non-medical costs 
were included in the analyses (Table 2). Estimates of unit costs were based on the Dutch 
guidelines for cost studies [98]. Duration of the primary operation was registered per 
minute, and costs were based on the time invested by the different care givers, accrued 
with costs for materials, housing and overhead. Costs for materials (plates and screws) 
were actual cost prices derived from the manufacturer. Duration of plate removal surgery 
and abscess incision & drainage was set on 30 min, based on the mean duration of these 
interventions, as estimated by the surgeons (expert opinion). Costs of the medications 
were based on the listed prices, obtained from the website of the Dutch Health Insurance 
Board (www.medicijnkosten.nl). Travel costs were based on the number of visits to the 
hospital, the mean distance to a hospital in the Netherlands of 7.0 km (14.0 km/visit), and 
under the assumption that people travelled by private car. The costs per km amounted 
to €0.20, and parking costs were estimated at €3.00/visit [98]. Costs of productivity 
loss were based on the overall mean productivity costs (per hour) for men and women. 
Multiplying the volumes of resource use with the associated cost prices resulted in the 
total costs.
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Table 1. Inclusion and exclusion criteria

Inclusion criteria:

-	 patients scheduled for a Le Fort-I fracture, and/or a solitary or multiple (maximum 2) 

mandibular fracture(s), and/or a zygoma fracture;

-	 patients scheduled for a Le Fort-I osteotomy, and/or a Bilateral Sagittal Split Osteotomy 

(BSSO);

-	 patients (also parents or responsible persons if necessary) who signed the informed 

consent form.

Exclusion criteria:

-	 patients who were younger than 18 years old (trauma), or patients who were younger 

than 14 years (osteotomies);

-	 patients presented with heavily comminuted fractures of the facial skeleton;

-	 patients who experienced compromised bone healing in the past;

-	 patients who were pregnant;

-	 patients who could/would not participate in a 1-year follow-up (reasons);

-	 patients who would not agree with an at random assignment to one of the treatment 

groups, or one of the methods or treatment administered in the study;

-	 patients who were diagnosed with a psychiatric disorder (diagnosed by a psychiatrist);

-	 patients who experienced cleft lip and palate surgery in the past;

-	 patients where fracture reduction and fixation was delayed for more than 7 days (after day 

of trauma);

-	 patients of whom the general health and/or medication could affect bone healing, as 

determined by the oral and maxillofacial surgeon.
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The clinical measures of effect in the cost-effectiveness ratio were (1) bone healing (8 
weeks), and (2) plate removal (2 years):
(1)	 ‘bone healing 8 wks after surgery’ (yes/no): 1. absence of clinical mobility of the 

bone segments assessed by bi-manual traction on the distal and proximal bone seg-
ments, and 2. absence of radiographic signs of disturbed bone healing assessed on 
an orthopantomogram (OPT; all indications), a lateral cephalogram (osteotomies), 
an occipito-mental radiograph (zygoma fractures), and a fronto-suboccipital radio-
graph (mandible fracture);

(2)	 removal of plates/screws within the first 2 post-operative years (yes/no).
The outcome measures were evaluated 8 wks (February 28, 2007 to September 
21, 2009) and 2 yrs (February 3, 2009 to August 10, 2011) post-operatively and re-
corded on Case Report Forms, and partly by using a cost questionnaire (absence 
from work). Data from unplanned intermediate outpatient visits, e.g., plate re-
movals or additional radiographs, were also recorded on Case Report Forms. 

Statistical analysis
Inclusion of the 230 patients was based on power analysis on the outcome measure 
‘bone healing after 8 weeks’, and is described in detail elsewhere [23]. The Statistical 
Package of Social Sciences (SPSS, version 20.0) and Microsoft Office Excel (2007) were 
used to analyze the data. The means and standard deviations of normally distributed vari-
ables were calculated and analyzed using the independent-samples t test . Skewed varia-
bles were either transformed to obtain normally distributed variables, or (if this could not 
be achieved) analyzed using non-parametric tests. Dichotomous variables were analyzed 
using the Chi-squared or the Fisher’s exact test. Removal of plate/screws was analyzed 
using the Logrank test. The Hazard ratio was calculated by Cox regression. Any p values 
less than .05 were considered statistically significant.
In the ITT analysis, the outcome data of bone healing and plate/screws removal for the 
inclusion errors was ‘imputed’ as ‘adequate bone healing’ and ‘no plate/screws removal’, 
according to the strategies of the Cochrane Collaboration (http://www.cochrane-net.
org). Additionally, the switches were assessed as failures for bone healing. Lost-to-follow-
up patients (both analyses) were contacted by telephone, and were asked if their plates/
screws had been removed during the lost-to-follow-up period. We also viewed their 
(digital) records. If the records showed no plate/screws removal, no matter if they could 
be reached by telephone, these patients were ‘scored’ as ‘no plate/screws removal’. The 
same was done for bone healing. 
The mean costs per patient and differences in costs between the two groups were calcu-
lated. If a patient did not make use of a specific cost type costs of €0 were applied when 
calculating group means. If information was missing, i.e., patient was lost-to-follow-up, 
we viewed their records for additional costs. In the cost-effectiveness analysis, costs were 
linked to the clinical outcomes ‘bone healing’ and ‘plate removal’ to construct an in-
cremental cost-effectiveness ratio (ICER). Point estimates for ICER were computed on 
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complete cost-effect pairs by dividing the incremental societal costs by the incremental 
effects, i.e., bone healing and plate removal. The formula used for calculating the ICER 
with bone healing as the incremental effect is presented below.

ICER =
 	   (C Biodegradable – C Titanium)

	 (BH Biodegradable – BH Titanium)

C Biodegradable = mean costs in the Biodegradable group 

C Titanium = mean costs in the Titanium group

BH Biodegradable = number of patients with adequate bone healing in the Biodegradable group 

BH Titanium = number of patients with adequate bone healing in the Titanium group

In the formula used for calculating the ICER with plate removal as the incremental effect 
the inadequate bone healing (BH) in the denominator is replaced by the number of plate re-
movals. We estimated uncertainty around the ICERs using bootstrapping, generating 5000 
replications of the original dataset, thereby creating alternative confidence intervals (2.5th 
and 97.5th percentile) [99]. The simulated values of the mean estimates for the cost and 
outcome differences were added to the cost-effectiveness plane [100,101]. 
The percentage of patients who fell into each of the four quadrants of the cost-effectiveness 
plane was determined. In the northwest quadrant the biodegradable plates and screws are 
less effective, and there are additional costs involved. In the southwest quadrant the bio-
degradable plates and screws are less effective with less additional costs. In the northeast 
quadrant the biodegradable plates and screws are more effective with additional costs. In 
the southeast quadrant the biodegradable plates and screws are more effective with less 
additional costs. In the case of plate removal, the costs of plate removal operations were 
not accounted for in the numerator to avoid overestimating the ICER. Again bootstrapping 
was used to estimate the alternative confidence intervals, and cost-effectiveness planes 
were constructed to visually display the ICERS from the bootstrap replications.

Results

Patients
Fig. 1 represents the flow of 230 randomized patients during the phases of the study. 
217 and 149 patients completed the 8 weeks and 2 years post-operative follow-up, re-
spectively. Missing data was ‘imputed’ as described in the Materials and Methods section.

Clinical outcomes
None of the baseline characteristics differed significantly between the biodegradable and 
titanium group for the ITT and TR analysis after 8 weeks and 2 years (Tables 3 and 4).
Inadequate bone healing of two patients in the biodegradable group was reported. Fol-
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Figure 1. Flow diagram of patient’s progress though the phases of RCT

*The 8 wks post-operative analyses have been described in detail in Chapter 2 (Buijs et al. 2012) [23].
†The cost-effectiveness analyses were performed on the total Intention-To-Treat group of 230 patients (titanium 
113 patients vs. biodegradable 117 patients) and on the total Treatment-Received group of 221 patients (titanium 
134 patients vs. biodegradable 87 patients). In the ITT analysis, the outcome data of bone healing and plate/
screws removal for the inclusion errors was ‘imputed’ as adequate bone healing and no plate/screws removal, 
according to the strategies of the Cochrane Collaboration (http://www.cochrane-net.org). Additionally, the 
switches were assessed as failures for bone healing. Lost-to-follow-up patients (both analyses) were contacted by 
telephone, and were asked if their plates/screws had been removed during the lost-to-follow-up period. We also 
viewed their (digital) records. If the records showed no plate/screws removal, no matter if they could be reached 
by telephone, these patients were ‘scored’ as ‘no plate/screws removal’. The same was done for bone healing. 
‡The 2 yrs post-operative clinical results have been described in detail in Chapter 4 (Van Bakelen et al. 2013) [103].

lowing the ITT analysis, 27 patients in the biodegradable group (25 ‘switchers’ and the 
two abovementioned patients) and non of the patients in the titanium group showed 
inadequate bone healing, resulting in a significant difference (p< 0.001) (Table 5). Re-
garding the TR analysis, the two abovementioned patients in the biodegradable group 
and non of the patients in the titanium group showed inadequate bone healing, resulting 
in a non-significant difference (p=0.15) (Table 6). Viewing the records and telephoning 
the 4 patients that were lost-to-follow-up after 8 weeks did not reveal any inadequate 
bone healing.
Regarding the removal of the plate/screws within the first 2 post-operative years in the TR 
analysis, 16 of the 134 patients (11.9%) who were treated with the titanium system and 
21 of the 87 patients (24.1%) who were treated with the biodegradable system needed 
a second operation to remove the plates/screws (p=0.016, HR biodegradable (95%CI) = 
2.2 (1.1-4.2), HR titanium = 1) (Table 6). 13 of these removals were seen in the 72 patients 
that did not complete the entire observation period of 2 years. Viewing the records of the 
other 59 lost-to-follow-up patients revealed 3 extra plate removals. 40 of the remaining 
56 patients could be contacted by telephone. This revealed no extra interventions. The 
characteristics of the lost-to-follow-up patients can be seen in the Appendix Table of 
chapter 4. The plate/screws removal per surgical procedure are presented in Table 7. In 
the titanium group plate/screws removal was seen in patients treated with a BSSO: 9/87 
(10.3%), bimaxillary osteotomy: 4/29 (13.8%), mandibular fracture: 2/6 (33.3%), and 
zygomatic fracture: 1/3 (33.3%). There was no removal in Le Fort-I fractures or -osteoto-
mies. In the biodegradable group removal of plate/screws was seen in patients treated 
with a BSSO: 17/55 (30.1%), and bimaxillary osteotomy: 4/16 (25%). In this group there 
was no removal in patients who were treated for a fracture or with a Le Fort-I osteotomy. 
There were two removals on request of the patient of clinically asymptomatic titanium 
plates/screws. Both patients were treated for a mandibular fracture. All the other remov-
als in both groups were due to clinical problems. The differences between the surgical 
procedures were not statistically significant (p=0.62), even if the 2 removals on request 
would not have been performed. The ITT analysis showed similar results. No centre effect 
for plate removal could be identified. 
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Excluded (n= 604)

-	 Not meeting in- exclusion criteria (n= 105)

-	 Refused to participate (n= 499)

Analyzed (ITT) in biodegradable group (n = 117)

Protocol violations (n = 5)

-	 after randomisation it turned out patients had 

cleft lip and palate (n = 3);

-	 after randomisation it turned out patient had a 

psychiatric disorder (n =  1);

-	 randomized to the wrong centre (n = 1)

Enrolment

Analyzed (ITT) in titanium group (n = 113)

Protocol violations (n = 2)

-	 after randomisation it turned out patient had 

cleft lip and palate (n = 1)

-	 randomized to the wrong centre (n =1)

Treatment Received (n = 87)

Treatment Received violations (n = 0)

Treatment Received (n = 136)

Treatment Received violations (n = 2)

-	 stable position zygomatic fracture achieved 

without osteosynthesis (n =  1);

-	 fixation mandibular fracture with lag screws 

without titanium plate (n = 1).

Allocated to titanium group (n=113)Allocated to biodegradable group (n = 117)

Biodegradable group Titanium group

Assessed for eligibility (n= 834)

Patients randomized (n= 230)

Switched to titanium (n = 25)

Allocation

ITT analyses†

Available for follow-up (TR) (n = 93)Available for follow-up (TR) (n = 56)

Lost-to-follow-up (n=31)Lost-to-follow-up (n=19)‡2 yrs

Available for follow-up (TR) (n = 133)Available for follow-up (TR) (n = 84)

Operated with titanium (n=134)Operated with Inion CPS (n=87) TR analyses†

Lost-to-follow-up (n=1)Lost-to-follow-up (n=3)*8 wks
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Costs and cost effectiveness
The various medical and nonmedical costs generated by both groups during the first 2 
years post-operatively are presented in tables 5 and 6. Viewing the records of the lost-
to-follow-up patients did not reveal additional costs in their lost-to-follow-up period. The 
mean total costs after 8 weeks and 2 years post-operatively in the ITT analysis for the 
titanium group were €5463 and €6451, respectively. In the biodegradable group these 
costs were €5997 and €7010. The mean total costs after 8 weeks and 2 years post-
operative in the TR analysis for the titanium group were €5772 and €6887, respectively. 
In the biodegradable group these costs were €5707 and €6546.
Results of the cost-effectiveness analyses are displayed in figures 2-5. The point esti-
mate of the ICER for bone healing at 8 weeks was -€22 (95% CI -€62 to €15) for the 
ITT analysis. This means that per percent loss of patients with adequate bone healing, 
additional cost of €22 are invested if titanium plates and screws are replaced by biode-
gradables. For bone healing at 8 weeks in the TR analysis the point estimate is €27 (95% 
CI -€59562 to €64478). In this analysis, both the effect as well as the costs are lower in 
de biodegradable group.
The ICER for the 2 year ITT analysis with plate removal as health outcome was -€43 
(95% CI -€228 to €56). This means an investment of €43 while the percentage of bio-
degradable plate removal increases with 1% if titanium plates and screws are replaced by 

Table 7. Removal of plates and screws per surgical procedure (TR analysis)

Description Titanium Biodegradable

Removal (n(%)) Removal (n(%))

Surgical procedures*

Total osteotomies 13/124 (10.5%) 21/79 (26.6%)

     BSSO 9/87 (10.3%) 17/55 (30.1%)

     Le Fort-I osteotomy 0/8 0/8

     Bimaxillary osteotomy 4/29 (13.8%)† 4/16 (25%)‡

Total Fractures 3/10 (30%) 0/8

     Mandibular fracture 2/6 (33.3%)§ 0/4

     Le Fort-I fracture 0/1 0/0

     Zygoma fracture 1/3 (33.3%) 0/4

Total removals 16/134 (11.9%) 21/87 (24.1%)

*A Logrank test showed no significant difference in plate removal percentages between the surgical procedures 
(p=0.62).
†Removal of plate/screws in the mandible as well as the maxilla.
‡Removal of plate/screws only in the mandible.
§These 2 removals of plates/screws were on patients’ request of asymptomatic plates/screws. All the other 
removals in table 7 were due to clinical problems, i.e., swelling, dehiscence, infection, abscess formation, screw 
loosening, irritation/pain.
Abbreviations: BSSO = bilateral sagittal split osteotomy; TR = Treatment-Received.
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Figure 3. Results of the cost-effectiveness in the TR analysis with bone healing as 
outcome measure
ICERs were calculated for 5000 bootstrap iterations and simulated values of the mean estimates for the costs (-€65) 
and bone healing (-2.4) differences are presented in the cost-effectiveness plane. For bone healing at 8 weeks the point 
estimate is € 27 (95% CI -€59562 to € 64478). In this analysis, both the effect as well as the costs are lower in de 
biodegradable group, causing a positive ICER indicating that per percent loss of adequate bone healing, €27 is saved if 
titanium plates and screws are replaced by biodegradables.. In 700 of the 5000 bootstraps the incremental effect was 
zero, because bone healing was 100% adequate in both groups. In these cases the incremental effects of 0.01 and 
-0.01 (alternating) were applied, causing a wide confidence interval and a flattened scatter plot.
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Figure 4. Results of the cost-effectiveness in the ITT analysis with plate removal as 
outcome measure

Figure 5. Results of the cost-effectiveness in the TR analysis with plate removal as 
outcome measure

ICERs were calculated for 5000 bootstrap iterations and simulated values of the mean estimates for the costs (€566) 
and plate removal (-13.2) differences are presented in the cost-effectiveness plane. The point estimate of the ICER for 
plate removal within the first 2 years post-operative was -€43 (95% CI -€228 to €56). This means an investment of 
€43 while the percentage of biodegradable plate removal increases with 1% if titanium plates and screws are replaced 
by biodegradables.

ICERs were calculated for 5000 bootstrap iterations and simulated values of the mean estimates for the costs (-€350) 
and plate removal (-13.4) differences are presented in the cost-effectiveness plane. The point estimate of the ICER for 
plate removal within the first 2 years post-operative was €26 (95% CI -€73 to €206), indicating €26 is saved while the 
percentage of patients with plate removal increases with 1% if titanium plates and screws are replaced by biodegrada-
bles. 
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Figure 2. Results of the cost-effectiveness in the ITT analysis with bone healing as 
outcome measure

ICERs were calculated for 5000 bootstrap iterations and simulated values of the mean estimates for the costs (€548) 
and bone healing (-24.8) differences are presented in the cost-effectiveness plane. The point estimate of the ICER for 
bone healing at 8 weeks was -€22 (95% CI -€62 to €15). This means that per percent loss of patients with adequate 
bone healing, additional cost of €22 are invested if titanium plates and screws are replaced by biodegradables.
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biodegradables. The TR analysis showed a positive ICER of €26 (95% CI -€73 to €206), 
indicating €26 is saved while the percentage of patients with plate removal increases 
with 1% if titanium plates and screws are replaced by biodegradables.

Discussion

The results of the cost-effectiveness in the ITT analyses indicate that operations per-
formed with titanium plates and screws had lower costs and better health outcomes: 
Mean total costs in the first 8 weeks and 2 years post-operative in the titanium group 
were €5463 and €6451, respectively. In the biodegradable group these costs were 
€5997 and €7010, respectively. Results of bone healing after 8 wks and plate removal 
within the first 2 post-operative yrs were more positive for the titanium group in the ITT 
analyses. The relatively many intra-operative ‘switches’ (21%) were primarily responsible 
for the inferior bone healing in the biodegradable group. The TR analyses indicate that 
costs were lower in the biodegradable group, but the titanium group had better health 
outcomes. Mean total costs in the first 8 weeks and 2 years post-operative in the titanium 
group were €5772 and €6887, respectively. In the biodegradable group these costs were 
€5707 and €6546, respectively. In the biodegradable group, from a clinical perspective, 
bone healing was not inferior, but there were more plate removals (24.1% in the bio-
degradable group vs. 11.9% in the titanium group). In summary, in the ITT analysis the 
mean total costs were higher in the biodegradable group, while in the TR analysis these 
costs were higher in the titanium group. This discrepancy between both analyses can 
only be explained by the intra-operative switches, because these switches are the only 
difference between both analyses: In the ITT analysis the switches were analyzed in the 
biodegradable group. In the TR analysis they were analyzed in the titanium group. Appar-
ently these switches impose a greater burden on the healthcare system, in particular the 
costs due to ‘absence from work’. The reason for this is not entirely clear, but the man-
dibular function on average was slightly less (higher MFIQ-score [81]) for these switches 
when compared to the non-switches (data not shown). Possibly these patients stay at 
home more often, because they have more complaints. We could not identify predictor 
variables for intra-operative switching that may be helpful in deciding in advance whether 
to use biodegradable devices or not [90]. Certainly, surgeons are familiar with and have 
confidence in titanium systems. To gain comparable familiarity with and confidence in 
biodegradable systems would probably have taken more time to minimize cognitive bias. 
The limited number of 2 test-surgeries and personal preferences/appreciation/dedication 
have probably played an important role in the decision to switch. Anyway, (the costs of) 
the (disturbing) intra-operative switches from the biodegradable to the titanium system 
are not compensated by the titanium plate removals. In fact, there were even more plate 
removals in the biodegradable group. 
In the literature no data are available regarding the cost-effectiveness of biodegradable 
plates and screws in maxillofacial surgery. Therefore, our study definitely adds scientific 

information to the available evidence. Böstman et al. (1991) reported on the impact of 
the use of biodegradable fixation of fractures of the extremities [102]. They assumed that 
the hospital resources consumed and indirect costs in the form of lost earnings due to 
absence from work were identical for biodegradable and metallic osteosyntheses. They 
stated that the ultimate cost-benefit balance between the use of biodegradable and me-
tallic implants is totally determined by the hardware removal rate. Our study showed that 
there was indeed a difference in indirect costs due to absence from work between the 
biodegradable and titanium group, and that plate removal surgery was only a small per-
centage of the total costs. Even if all patients would have had plate removal, these costs 
would not outweigh the costs of the primary surgery, hospital admission, the outpatient 
visits, and absence from work.
Many studies reported titanium and/or biodegradable plate removal in maxillofacial sur-
gery [16,18-20,51,52,93-95]. None of these studies are RCTs, so no definite conclusion 
can be drawn.
There are a few RCTs that compared Inion to titanium plate removal. Bhatt et al. (2010) 
reported 0% biodegradable (Inion) versus 31% titanium (Synthes) plate removal in 40 
patients treated for mandibular fractures [96]. These percentages are similar to the re-
moval percentages for mandibular fractures in our study. Their follow-up period was only 
8 weeks post-operative, while in our study most removals occurred after that period. 
Leonhardt et al. (2008) also compared Inion with the KLS Martin titanium system in the 
treatment of mandibular fractures [97]. They reported removal of clinically symptomatic 
plates in 5 of the 30 patients (16.6%) in the biodegradable group, and in 4 of the 30 
patients (13.3%) in the titanium group in the first six post-operative months. In this study 
on occasion, unavailability of the required plating system obscured randomization. In our 
study there was no removal of clinically symptomatic plates/screws in patients treated for 
a mandibular fracture. As far as we know there is no RCT, including the current one, with 
a power analysis based on ‘plate removal’, so again no firm conclusion can be drawn. A 
post-hoc power analysis for our multicenter RCT was performed on the outcome variable 
plate removal. This showed that the power of the conclusion that there were more plate 
removals in the biodegradable group within the first 2 post-operative years was 96%.
With the exception of two removals on request in titanium fracture patients, all the other 
removals were due to clinical problems. When these two removals on request would not 
have been performed, the results would be even more positive for titanium.
Theoretically, for the patients that could not be contacted by telephone, it could be pos-
sible that a plate was removed in another hospital than where a patient was operated, 
but this is highly unlikely.
There were no significant differences in bone healing and plate removal percentages 
between the different types of surgical procedure. Therefore, the results of bone healing, 
plate removal and cost-effectiveness can be applied to all types of surgical procedure in 
the RCT.
The generalizability of the results of the bone healing performance of Inion CPS is limited 
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to the biodegradable systems of BioSorb FX and LactoSorb. These systems represent 
comparable mechanical characteristics [45,46]. With respect to the biocompatibility, i.e., 
plate/screws removal, the generalizability of Inion CPS plates and screws is difficult as a 
result of the various co-polymer compositions, and different arrangement of the mol-
ecules, used to manufacture the different biodegradable plates and screws.

Conclusions

Considering the cost-effectiveness of the biodegradable plates and screws of Inion CPS
compared to the titanium plates and screws of KLS Martin, the titanium system is prefer-
able to the biodegradable system in the regular treatment spectrum of mandibular, Le 
Fort-I, and zygomatic fractures, and BSSO’s, Le Fort-I osteotomies and bimaxillary oste-
otomies.
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Abstract

Background - Biodegradable fixation systems could reduce/delete the problems associ-
ated with titanium plate removal. 
A multicenter RCT was performed in the Netherlands from December 2006-July 2009. 
Originally 230 trauma and orthognathic patients were included. The patients were ran-
domly assigned to either a titanium control group (KLS Martin) or to a biodegradable test 
group (Inion CPS).
Aim - The aim of the present study was to compare the relapse of advancement bilat-
eral sagittal split osteotomies (BSSO’s) between a biodegradable system and a titanium 
system.
Materials & Methods - In the current study only patients of the original RCT of at least 
18 years old who underwent a BSSO advancement osteotomy were included. Simultane-
ous Le Fort-I osteotomy or genioplasty were excluded. Point B and point Pg were chosen 
as most important relapse-indicating variable. Analysis of relapse was performed by digi-
tally tracing lateral cephalograms.
Results - Relapse at point B and Pg in BSSO advancements was not statistically different 
between patients treated with biodegradable plates and screws and those treated with 
titanium plates and screws. 
Conclusion & discussion - Given the comparable amount of relapse, the general usage 
of Inion CPS in the treatment of BSSO’s needs not to be discouraged. On the basis of 
other properties a total picture of the clinical usage can be obtained: the bone healing 
performance (Chapter 2) [23], the intra-operative switches (Chapter 3) [90], the plate 
removal percentages (Chapter 4) [103], and the cost-effectiveness (Chapter 5).
Trial registration of original RCT: http://www.controlled-trials.com; ISRCTN 44212338.

Keywords: Inion, KLS Martin, long-term skeletal stability, treatment outcome, surgical 
fixation devices, oral surgery.

Introduction

Titanium osteosynthesis is regarded as the “the golden standard”. Titanium is removed 
following bone healing in a second operation in 5-40% of the cases [16,19]. Biodegrad-
able fixation systems have been developed in order to reduce or even delete the problems 
associated with titanium plate removal. Less removal operations implies less surgical dis-
comfort for the patients. It may also benefit society, as less removal operations will put less 
pressure on the healthcare system capacity, and provides patients continuing contribution 
to the employment process. There is an ongoing search for the ideal fixation system.
The present study is part of a running research project. The 8 weeks post-operative re-
sults were described in detail elsewhere [23]. Briefly, short-term healing outcomes were 
similar between biodegradable and titanium fixation, although, in a significant propor-
tion (25/117) of patients randomized to the biodegradable fixation system, the operating 
surgeons decided intra-operatively to switch to the titanium system, due to either techni-
cal complications such as non-grip of the screws or for other reasons. Details regarding 
these switches have been described elsewhere [90]. The aim of the present study was to 
establish the relapse of a biodegradable system as a potential alternative to titanium for 
fixation of advancement bilateral sagittal split osteotomies (BSSO). 

Materials & Methods

Study design
This prospective cohort study is derived from a Randomized Controlled Trial (RCT) of Buijs 
et al. [23], and has been described according to the STROBE statement (http://www.
strobe-statement.org/). 

Study population
In the cohort study only patients of the original RCT who underwent a BSSO advancement
osteotomy were included, and should be at least 18 years old. Patients who underwent 
simultaneous genioplasty or a Le Fort I-osteotomy were excluded. 
In the original RCT 230 trauma and orthognathic patients were included. They were 
treated from December 2006 to July 2009 at four different departments of Oral and 
Maxillofacial Surgery in the Netherlands. The inclusion and exclusion criteria of the origi-
nal RCT are summarized in Table 1. All patients provided written informed consent prior 
to enrollment and to publication of the work. Details regarding the randomization pro-
cedure were described elsewhere [23]. The study was approved by the Medical Ethical 
Committees of the participating hospitals.

Interventions
In the original RCT patients were assigned to a titanium control group (KLS Martin, Ge-
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brüder Martin GmbH&Co., Tuttlingen, Germany) or to a biodegradable test group (Inion 
CPS, Inion Ltd., Tampere, Finland). The mandibular osteotomies were fixated with 2.5-
mm biodegradable or 2.0-mm titanium plates and screws (Fig. 1). The patients did not re-
ceive rigid maxillomandibular fixation, but only soft guiding elastics post-operatively, and 
they were instructed to use a soft diet for five weeks. All patients underwent pre- and 
postsurgical orthodontic treatment. In all patients a surgical splint was used to achieve 
proper occlusion.

Outcome measures
The most important outcome variable in the current study was the 2 years post-operative 
relapse after treatment with biodegradable or titanium plates and screws. Relapse is the 
difference between certain cephalometric variables as measured at the final follow-up 
visit (T2) and directly post-operative (T1). According to Joss et al. (2009) point B and 
point Pg were chosen as most important relapse-indicating variables [104]. Analysis was 

performed by digitally tracing the lateral cephalograms. Extra analyses were performed to 
investigate if there was a difference in relapse between the biodegradable and titanium 
group in advancements (overjet reduction) ≤8mm and advancements >8mm. The cut-off 
point of 8mm was chosen according to Ferretti and Reyneke [24,105].
In addition, the relationship between the amount of relapse (mm) and other variables 
that possibly influenced this amount (predictor variables) was studied for point B and Pg. 
As possible predictor variables were included:
(1)	 demographic: female sex, age;
(2)	 amount of advancement: difference between the position of point B (or Pg) directly 

post-operative (T1) and at baseline (T0) (mm);
(3)	 mandibular length: distance between Articulare midpoint (Arm) and Menton (Me) at 

T0 (mm);
(4)	 body length: distance between Gonion (Go) and Menton (Me) at T0 (mm);
(5)	 mandibular plane angle: angle between the mandibular plane (Steiner) and SN-line 

at T0 (degrees).
The last cephalogram before surgery (titanium 84 days vs. biodegradable 90 days (mean)) 
was selected as T0, the second (T1) cephalogram was taken at the first post-operative 
outpatient visit (titanium 8 days vs. biodegradable 8 days (mean)), and the third one 2 
years after surgery (T2) (titanium 27 months vs. biodegradable 25 months (mean)).

Cephalometric analysis
All digital lateral cephalograms were made using each participating hospital’s own cepha-
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Figure 1. Orthopantomogram showing the position of the plates and screws in a tita-
nium BSSO case. Biodegradable plates and screws in ‘biodegradable-cases’ were placed 
in a similar manner, but would not be visible on the X-ray.

Table 1. Inclusion and exclusion criteria of the original prospective multicenter RCT

Inclusion criteria:

-	 patients scheduled for a Le Fort-I fracture, and/or a solitary or multiple (maximum 2) 

mandibular fracture(s), and/or a zygoma fracture;

-	 patients scheduled for a Le Fort-I osteotomy, and/or a Bilateral Sagittal Split Osteotomy 

(BSSO);

-	 patients (also parents or responsible persons if necessary) who signed the informed 

consent form.

Exclusion criteria:

-	 patients who were younger than 18 years old (trauma), or patients who were younger 

than 14 years (osteotomies);

-	 patients presented with heavily comminuted fractures of the facial skeleton;

-	 patients who experienced compromised bone healing in the past;

-	 patients who were pregnant;

-	 patients who could/would not participate in a 1-year follow-up (reasons);

-	 patients who would not agree with an at random assignment to one of the treatment 

groups, or one of the methods or treatment administered in the study;

-	 patients who were diagnosed with a psychiatric disorder (diagnosed by a psychiatrist);

-	 patients who experienced cleft lip and palate surgery in the past;

-	 patients where fracture reduction and fixation was delayed for more than 7 days (after day 

of trauma);

-	 patients of whom the general health and/or medication could affect bone healing, as 

determined by the oral and maxillofacial surgeon.
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lostat with the mandible in the most retruded position (centric relation) and the lips in a 
relaxed position. The “mirror position” was used in order to get a reproducible position 
of the head.
A predefined trace-protocol (Table 4; Appendix Table; Fig. 2) was designed [106] and all 
tracings were performed using Viewbox 3.1.1.6 (dHal software. Kifissia, Greece). Sev-
enteen landmarks were identified on the lateral cephalograms. Vertical distances were 
measured in millimeters from the landmark perpendicular to SN; horizontal distances 
from the landmark perpendicular to SN-perp (line perpendicular to SN through S). As a 
first step, all cephalograms were converted to values of life size using the ‘centimetre-
indication’ incorporated on each cephalogram. Next, for sagittal and vertical measure-
ments, superimposition of the 3 cephalograms was performed on the anterior contour 
of the sella turcica and the line sella-nasion (SN) [107]. In order to further reduce the 
error of measurements, the coordinates of sella and nasion were, after superimposition, 
transferred from the baseline to the follow-up cephalograms in order to obtain exactly 
the same coordinates on all 3 cephalograms. To determine inter-observer reliability, all 
baseline cephalograms were traced by two different observers (NBvB and BDAB). Next, 
all cephalograms were traced by one observer (NBvB). 

Statistical analysis
Inclusion of the 230 patients was based on power analysis using the primary outcome 
measure ‘bone healing after 8 weeks’, and was described in detail elsewhere [23]. The 
Statistical Package of Social Sciences (SPSS, version 20.0) was used to analyze the data. To 
assess inter-observer reliability of the tracings, the intra-class correlation coefficient (ICC) 
was calculated for each variable. ICCs <0.4 were considered poor, ICCs of 0.4 to 0.75 
were considered fair to good, and those >0.75 were considered excellent [108].
For the continues cephalometric measures, ‘between groups’ effect sizes are reported as 
Cohen’s d, based on the mean difference between the groups divided by the standard 
deviation of the control-group (titanium). Cohen’s d effect sizes are interpreted as small 
(0.20), medium (0.50), or large (>0.80) [109]. Cohen’s d was only calculated when analy-
sis revealed a significant difference in relapse (or advancement) between both groups.
Inspection (eyeball) and the Kolmogorov-Smirnov tests revealed a normal distribution for 
all continuous data. Therefore, the means and standard deviations of the continous vari-
ables were calculated, and analyzed using the independent-samples t test. Dichotomous 
variables were analyzed using the Chi-squared test.
To identify predictor variables for relapse, potential influencing factors were tested uni-
variately in a linear regression analysis. To ensure broad inclusion of possible determi-
nants, α was set at .15 for the univariate analyses. All significant variables were then 
submitted for multiple regression analysis. Female sex, as predictor variable for relapse, 
was tested using an independent-samples t test [110].
Any p values less than .05 were considered statistically significant. 
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Figure 2. Cephalometric landmarks and reference lines traced on lateral cephalograms

The following 17 reference points were identified on 
lateral cephalograms: A (point A: the deepest midline 
concavity on the anterior maxilla), ans (anterior nasal 
spine: the tip of the median, sharp bony process of the 
maxilla at the lower margin of the anterior nasal open-
ing), Ara (anterior articulare: the point of intersection 
of the inferior cranial base surface and the averaged 
anterior surfaces of the mandibular condyles), Arm 
(articulare midpoint: the midpoint of the line between 
Ara–Ar), Ar (articulare; the point of intersection of the 
inferior cranial base surface and the averaged posterior 
surfaces of the mandibular condyles), B (point B: the 
deepest midline concavity on the mandibular symphy-
sis), Gn (gnathion: the most anteriorinferior point on 
the contour on the bony chin symphysis. determined 
by bisecting the angle formed by the mandibular 
plane and a line through pogonion and nasion), Go 
(gonion: the constructed point of the intersection of 
the ramus plane and the tangent to the body of the 
mandible), Lia (lower incisor apex), Lie (lower incisor 
edge: the incisal tip of the mandibular central incisor), 
Me (menton: the intersection of the bony inferior 
symphysis with the inferior margin of the mandibu-
lar body), N (nasion: the most anterior point on the 
frontonasal suture), Pg (pogonion: the most anterior 

point on the contour of the bony chin determined by 
a tangent through nasion), pns (posterior nasal spine: 
the intersection of a continuation of the anterior wall 
of the pterygopalatine fossa and the floor of the nose, 
marking the dorsal limit of the maxilla), S (sella; the 
midpoint of the pituitary fossa), Uia (upper incisor 
apex), Uie (upper incisor edge: the incisal tip of the 
maxillary central incisor).
The following six reference lines were identified on 
lateral cephalograms: Li (lower incisor line: the line 
through the lower incisor apex and the lower incisor 
incisal edge), MnP (mandibular plane according to 
Steiner: the line through gonion and gnathion), MxP 
(maxillary plane: the line through the posterior nasal 
spine (pns) and the anterior nasal spine (ans)), SN 
(sella-nasion line: the line through sella and nasion), 
SN-perp (SN-perpendicular: the line through Sella (S) 
perpendicular on line SN), Ui (upper incisor line: the 
line through the upper incisor apex and the upper inci-
sor incisal edge).
Vertical distances were measured in millimeters from 
the landmark perpendicular to SN; horizontal distances 
were measured in millimeters from the landmark per-
pendicular to SN-perp.
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Results

Patients
149 of the originally 230 randomized patients completed the 2 years post-operative fol-
low-up [103]. Excluded from the relapse-analysis were fracture patients (n=6), Le Fort-I 
osteotomies (n=11), bimaxillary cases (n=34), genioplasty simultaneously (n=14), BSSO 
setbacks (n=6), age <18 years (n=5), lateral cephalograms not taken at all 3 time intervals 
(n=16), and lateral cephalograms of poor quality/not taken in centric relation (n=20). This 
resulted in a relapse-analysis of 15 patients in the biodegradable group, and 22 patients 
in the titanium group.

Baseline
Both age and sex did not significantly differ between the biodegradable and titanium 
group (Table 2).

Reliability
An “excellent” agreement between both examiners was found for all cephalometric vari-
ables (Table 3), except for ANB (angle), which demonstrated “fair to good” agreement 
[108].

Outcome measures
Relapse of biodegradable vs. titanium fixation
The horizontal relapse at point B for the biodegradable group was 0.03mm (s.d. 1.7mm), 
and 0.3mm (s.d. 2.3mm) for the titanium group (mean difference -0.3mm (95%CI -1.7 
to 1.1); p=0.71) (Table 4). The vertical relapse at point B was 1.1mm (s.d. 1.5mm) for the 
biodegradable group, and 0.9mm (s.d. 1.6mm) for the titanium group (mean difference 
0.2mm (95%CI -0.9 to 1.2); p=0.41).The horizontal relapse at point Pg for the biode-
gradable group was 0.1mm (s.d. 2.0mm), and 0.3mm (s.d. 2.6mm) for the titanium group 
(mean difference -0.2 (95%CI -1.8 to 1.4); p=0.45). The vertical relapse at point Pg for 
the biodegradable group was 1.7mm (s.d. 1.5mm), and 0.6mm (s.d. 1.7mm) for the tita-
nium group (mean difference 1.1mm (95%CI <0.001 to 2.2); p=0.05). 
There were no significant differences between both groups in relapse variables pertain-
ing the base of the skull, the maxilla, the intermaxillary relationships, and facial height 
(Appendix Table).
Analyses of BSSO advancements ≤8mm showed no significant difference in relapse be-
tween patients treated with the biodegradable or the titanium system (Table 4). Analysis 
of advancements >8mm was not performed, because group sizes were too small. 

Relapse predictor variables
The horizontal amount of advancement at point B was statistically associated with more 
horizontal relapse at point B in the univariate regression analysis (regression coefficient 
(B) -0.4 (95%CI -0.8 to -0.1); p=0.008). The same applies to the horizontal relapse at 
point Pg (B= -0.4 (95%CI -0.7 to -0.1; p=0.007)), the vertical relapse at point B (B= -0.3 
(95%CI -0.5 to -0.1); p=0.002) and vertical relapse at point Pg (B= -0.5 (95%CI -0.7 to 
-0.2); p=0.001) (Table 5). Age, female sex, mandibular length, mandibular body length, 
and mandibular plane angle were not statistically associated with more horizontal and 
vertical relapse at point B and Pg. 
“α was set at .15 for the univariate analyses” (see M&M). Therefore, a multiple linear 
regression analysis was performed for the horizontal relapse at point B for the combina-
tion of the predictor variables ‘female sex’ and ‘horizontal advancement at point B’. In this 
analysis only the horizontal amount of advancement at point B was statistically associated 
with more horizontal relapse at point B (B= -0.4 (95%CI -0.7 to -0.1); p=0.03). The same 
is true for the horizontal (B= -0.4 (95%CI -0.7 to -0.05); p=0.03) amount of relapse at 
point Pg, i.e., only the amount of advancement was statistically associated with more 
relapse. In this regression analysis predictor variables were a combination of ‘female sex’ 
and ‘horizontal advancement’.
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Table 2. Baseline characteristics

Gender/age distribution Titanium 

group (n)

Biodegradable 

group (n)

p value/Mean 

difference (95%CI)

Total group n=22 n=15

          Male 6 (27%) 7 (47%)
p=0.30

          Female 16 (73%) 8 (53%)

          Age (mean +/- s.d. in years)

                 (range in years)

35 +/- 11

19-59

35 +/- 12

18-59

-0.4* (-8.3 to 7.5)

p=0.91

Subgroups

     Advancement ≤8mm† n=20 n=15

          Male 6 (30%) 7 (46.7%)
p=0.48

          Female 14 (70%) 8 (53.3%)

          Age (mean +/- s.d. in years)

                 (range in years)

34 +/- 12

19-59

35 +/- 12

18-59

-0.5 (-8.8 to 7.7)

p=0.90

     Advancement >8mm† n=2 n=0

          Male - -
-

          Female 2 (100%) -

          Age (mean)

                 (range in years)

36

20-41

-

-
-

*The minus sign indicates that the age in the biodegradable group is higher.
†The cut-off point of 8mm was chosen according to Ferretti and Reyneke (2002) [24]: advancements larger than 
9 to 10 mm are considered particularly unstable (Will and West, 1989) [105], and an overjet reduction during 
surgery of 7mm is about the upper limit of the average advancement. 
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Discussion

There were no significant differences in the amount of relapse at point B and Pg after a 
BSSO advancement between patients treated with biodegradable plates and screws of 
Inion CPS and titanium plates and screws of KLS Martin. This applied to the total group of 
patients, as well as for advancements ≤8mm. Analysis of advancements >8mm was not 
performed, because group sizes were too small.
We found that the amount of horizontal advancement at point B and point Pg, was a pre-
dictor variable for the amount of horizontal relapse at point B and point Pg, respectively. 
The same is true for the vertical dimensions of these two points. We could not identify 
age, female sex, mandibular length, mandibular body length, and mandibular plane angle 
as predictor variables for relapse.
Many authors use different reference lines to measure relapse: surrogate Frankfurter Hori-
zontal (FH) plane [74,87,89,111], the FH plane [112,113] or the line SN [24,25]. This could 
explain differences between studies.
In a systematic review on stability after BSSO advancement, Joss and Vassalli (2009) identi-
fied only one eligible prospective controlled trial that compared biodegradable osteosyn-
thesis with titanium [104]: Ferretti and Reyneke (2002) used the same reference line, i.e., 
line SN, as we did. They used a different biodegradable material (Lactosorb), and used 
bicortical screws instead of a plate with monocortical screws as in our study. They reported 
no statistically significant difference in stability at point B (Lactosorb 0.83 +/- 1.25mm vs. 
titanium 0.25 +/- 1.38mm). This is within the same range as the relapse measured in our 
study, but the follow-up of Ferretti and Reyneke was only 1 year. They concluded that 
Lactosorb screws were a viable alternative to titanium screws for the fixation of BSSO 
advancements.
Ballon et al. (2012) compared 84 non-randomized orthognathic patients treated with 
plates and screws of Inion CPS or with titanium of Stryker-Leibinger [114]. They reported 
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Table 4. Cephalometric variables point B and point Pg

*Means +/- standard deviations. Negative values imply a backward movement in the horizontal plane or an 
upward movement in the vertical plane. Positive values imply a forward movement in the horizontal plane or a 
downward movement in the vertical plane.
†Inspection (eyeball) and the Kolmogorov-Smirnov tests revealed a normal distribution for all continuous data. 
Therefore, differences between the two groups were analyzed using the independent-samples t test. For dif-
ferences in Advancement a regression to the mean analysis for Baseline was only performed when there was a 
significant difference between the groups in Baseline. For differences in Relapse between the groups a regression 
to the mean analysis for Baseline or for Advancement was only performed when there was a significant difference 
between the groups in Baseline or in Advancement, respectively. When both Baseline and Advancement were 
significantly different between the groups, then regression was only done for Advancement. Cohen’s d was only 
given when p<0.05. Cohen’s d effect sizes are interpreted as small (0.20), medium (0.50), or large (>0.80). Re-
garding differences between the groups:  negative values imply bigger dimensions or a greater displacement dur-
ing surgery in the biodegradable group, or more relapse in the titanium group (and vice versa). Regarding values 
within the groups: positive values imply an advancement, negative values imply a relapse.  
‡Analysis of advancements >8mm was not performed, because there were only 2 patients in the titanium group 
with an advancement >8mm and no patients available in the biodegradable group with a lateral cephalogram of 
good quality/in centric relation.
Abbreviations: ICC = Interclass Correlation Coefficient, 95% CI = 95% Confidence Interval.
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a similar amount of advancement for the BSSO advancement group as in our study. Hori-
zontal (as well as vertical) relapse at point B for both groups was far more pronounced 
(Inion 3.65mm, titanium 2.09mm). They used a different reference line (surrogate FH) to 
measure relapse, the follow-up period for the titanium group was longer (mean follow-up 
35 mos vs. 28 mos in our study), and in many cases bimaxillary surgery was performed. 
Joss and Vassalli (2009) concluded that the amount of advancement was the factor with 
the strongest influence on relapse after BSSO advancement, i.e., the larger the surgical 
advancement, the larger the relapse. Our study found this same relationship. 
As far as we know the study of Ballon et al. is the only study on relapse after treatment 
with Inion CPS in BSSO advancements. On top of this, Joss and Vassalli (2009) stated 
that “to obtain reliable scientific evidence, further short-term and long-term research into 
BSSO advancement with rigid internal fixation should exclude additional surgery, i.e., geni-
oplasty or maxillary surgery, and include a prospective study or randomized clinical trial 
design”. Therefore, our study definitely adds scientific evidence to the available literature.
There is a certain degree of inaccuracy in defining cephalometric points on cephalograms 
in general. However, our inter-observer reliability results indicate that our method was 
accurate.

Conclusions

The 2 years post-operative relapse after BSSO advancement was not statistically different 
between patients treated with biodegradable plates and screws of Inion CPS or titanium 
plates and screws of KLS Martin. 
Given the comparable amount of relapse, the general usage of Inion CPS in the treatment 
of BSSO’s needs not to be discouraged. On the basis of other properties a total picture 
on the clinical usage can be obtained: the bone healing performance (Chapter 2) [23], 
the intra-operative switches (Chapter 3) [90], the plate removal percentages (Chapter 4) 
[103], and the cost-effectiveness (Chapter 5).
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Table 5. Predictor variables for relapse

*“α was set at .15 for the univariate analyses” (see M&M). Therefore, a multiple linear regression analysis was 
performed for the horizontal relapse at point B for the combination of the predictor variables ‘sex’ and ‘horizontal 
advancement at point B’. In this analysis only the horizontal amount of advancement at point B was statistically 
associated with more horizontal relapse at point B (B= -0.4 (95%CI -0.7 to -0.1); p=0.03).
†A multiple linear regression analysis was performed for the horizontal relapse at point Pg for the combination of 
the predictor variables ‘sex’ and ‘horizontal advancement at point Pg’. In this analysis only the horizontal amount 
of advancement at point Pg was statistically associated with more horizontal relapse at point Pg (B= -0.4 (95%CI 
-0.7 to -0.05); p=0.03). 
‡MnP is the mandibular plane according to Steiner: the line through gonion and gnathion.
Abbreviations: 95%CI = 95% Confidence Interval.
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General Discussion  

Despite the supposed advantages of biodegradable osteofixation devices described in the 
General Introduction of this thesis, these devices did not replace the titanium systems, 
and are currently applied in only limited numbers. Lack of sufficiently powered, high 
quality and appropriately reported randomized controlled clinical trials was, and still is, 
the main reason. 
In this thesis, a multicenter prospective randomized controlled clinical trial is described, 
which was performed in order to establish whether the biodegradable plates and screws 
of Inion CPS could be used safely and (cost)effectively to a large scale and fit into the 
current treatment protocols and guidelines in oral and maxillofacial (OMF) surgery. Clini-
cal, cost-related, patient-related, and surgeon-related aspects were taken into account.

Summary of the principal findings
Bone healing showed comparable results in the biodegradable and the titanium group, 
in cases where it was possible to apply the biodegradable system. However, the handling 
characteristics (plate adaptation, drilling/tapping, and screw insertion) of the biodegrad-
able system were inferior compared to the titanium system, which resulted in intra-oper-
ative switches to the titanium system in 21% of the cases. We could not identify predictor 
variables for intra-operative switching that may be helpful in deciding in advance whether 
to use biodegradable devices or not. There were significantly more plate removals in the 
biodegradable group within the first 2 post-operative years, and the risk of plate removal 
was 2.2 times higher compared to titanium. Furthermore, the biodegradable system was 
less cost-effective compared to the titanium system. The relapse in BSSO advancement 
osteotomies was not statistically different between patients treated with the biodegrad-
able system and those treated with the titanium system.

Discussion of the findings
The Intention-To-Treat (ITT) results show that the biodegradable system performed inferi-
orly compared to the titanium system regarding bone healing (Chapter 2). This was main-
ly due to the intra-operative switches that were ‘recorded’ as failures for bone healing in 
the ITT analysis. In other words, how can something be qualified a success, when it is not 
even possible to apply it? It would be too rigorous to conclude that the biodegradable 
system was not suitable for (and should be deleted entirely from) clinical use based on 
only these data. Therefore, we performed an additional (Treatment-Received (TR)) analy-
sis. This analysis showed that in cases where it was possible to apply the biodegradable 
system, bone healing yielded a non-significant difference between both groups without 
the use of maxillomandibular fixation (MMF) post-operatively.
An important question to answer was “how do the costs of the intra-operative switches 
relate to the costs of the expected higher plate removal of titanium?” In the cost-effec-
tiveness analysis, costs were linked to the clinical outcomes ‘bone healing’ and ‘plate 

removal’ (Chapter 5). The results of the ITT analyses and TR analyses indicate that opera-
tions performed with titanium plates and screws had better health outcomes, i.e., less 
plate removals and less inadequate bone healing. In the ITT analysis the mean total costs 
were higher in the biodegradable group, while in the TR analysis these costs were higher 
in the titanium group. This difference can be explained by the intra-operative switches, 
because these switches are the only difference between both analyses. In the ITT-analysis 
the switches were analyzed in the biodegradable group, while in the TR-analysis the 
switches were analyzed in the titanium group. Apparently the switches impose a greater 
burden on the healthcare system, in particular the costs due to ‘absence from work’. 
The reason for this is not clear. It was concluded that the biodegradable system was less 
cost-effective compared to the titanium system, and that (the costs of) the (disturbing)
intra-operative switches from the biodegradable to the titanium system are not compen-
sated by the titanium plate removals. In fact, there were even more plate removals in the 
biodegradable group.
There were no significant differences in bone healing and plate removal percentages 
between the different types of surgical procedure. Therefore, the results of bone healing, 
plate removal and cost-effectiveness can be applied to all types of surgical procedure 
in the RCT. The ‘intra-operative switches’ were not contributing significantly to plate 
removal. Occlusion, VAS- and MFIQ-scores indicated that both groups had a similar good 
mandibular function and had comparable pain scores one and two years post-operatively.
Different plate removal percentages have been described in the literature. It is difficult to 
draw firm conclusions, because most studies about plate removal are not RCTs, the stud-
ies often use different biodegradable materials for different indications, and the follow-
up period varies between studies and is often no longer than 1 year. Moreover, as far 
as we know there is no RCT, including the multicenter RCT in this thesis, with a power 
analysis based on ‘plate removal’. One should realize that inclusion of the 230 patients 
was based on a power analysis using the primary outcome measure ‘bone healing 8 
weeks after surgery’. A post-hoc power analysis was performed on the outcome variable 
‘plate removal’. This showed that the power of the conclusion that there were more plate 
removals in the biodegradable group within the first 2 post-operative years was 96%. 
The total sample size required to detect a difference of 5% less biodegradable plate 
removals would be 140 with 80% statistical power. To detect a difference of 5% less 
biodegradable plate removals with 90% statistical power would require a sample size of 
180. Regarding the plate removal rates, the multicenter RCT was overpowered, whether 
an a priori power of 80% or an a priori power of 90% was chosen. However, the dif-
ference of plate removal between biodegradable (24%) and titanium (12%) (Chapter 4) 
can be considered as clinically relevant. Abscess formation was the main reason for plate 
removal in both groups. It is unclear what the reason was for the inflammatory reactions/
abscess formations.
When there would have been significant more relapse in the titanium group, surgeons 
should have considered to accept the risk of intra-operative switching, patients should 
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have considered to accept the higher risk of plate removal, and society should have con-
sidered to accept the higher costs associated with operations performed with biodegrad-
able plates and screws. However, the relapse in BSSO advancements was not statistically 
different between patients treated with the biodegradable system and those treated with 
titanium (Chapter 6). One should realize that a post-hoc power analysis showed that 
the power of the relapse study was (only) 7%. However, the small difference in relapse 
between both groups cannot be considered as clinically relevant. Analysis of the relapse 
of BSSO setback osteotomies, Le Fort-I osteotomies, and bimaxillary osteotomies was 
not performed because both groups had not enough patients to draw firm conclusions. 
Theoretically, it could be possible that there is less relapse in the biodegradable group for 
patients in these categories. 
The inferior handling characteristics of the biodegradable system resulted in intra-opera-
tive switches to titanium in a relatively high number of cases. Unfortunately, after analyz-
ing the reasons for the switches no firm conclusions could be drawn about possible pre-
dictor variables (Chapter 3). Surgeons are familiar with and have confidence in titanium 
systems. To gain comparable familiarity with and confidence in biodegradable systems 
would probably have taken more time to minimize cognitive bias. The limited test-surger-
ies and personal preferences/appreciation/dedication have probably played an important 
role in the decision to switch. This is a threat for implementation of new techniques, 
and therefore a potential source of bias. It seems quite difficult to minimize/eliminate all 
potential sources of bias, and to (correctly) describe them [115,116]. One should realize 
that most surgeons are reluctant to leave the comfort of a method of surgical fixation 
that works well and to start using a more complex new technique. When application of 
biodegradable plates and screws appeared to fail to obtain adequate fixation, there was 
always a good alternative (i.e., fixation with the conventional titanium plates and screws). 
In some cases maybe another attempt could have been made to apply the biodegradable 
plates and screws before switching to titanium. It may well be that surgeons do not want 
to take the risk of failing again with the application of the biodegradable system, making 
it more complicated to achieve adequate fixation at all, even with titanium. 
It is generally accepted that the strength and stiffness of different titanium plates and 
screws are comparable. This is also applicable for biocompatibility as is investigated in the 
study of Langford in 2002 [117]. In this way, it can be concluded that the titanium plates 
and screws of KLS Martin, which were used in the multicenter RCT, have a good gen-
eralizability for other titanium systems. Regarding the Inion CPS biodegradable system, 
the generalizability of the mechanical aspects is limited to the BioSorb FX and LactoSorb 
system. These systems represent comparable mechanical characteristics [45,46]. With 
respect to the biocompatibility, the generalizability of Inion CPS plates and screws is diffi-
cult as a result of the various co-polymer compositions, and different arrangement of the 
molecules, used to manufacture the different biodegradable plates and screws.
Regarding the generalizability for other medical fields that use biodegradable fixation 
systems, i.e., orthopedic [26-29] or plastic (reconstructive) surgery [30-32], otolaryngol-

ogy [33,34], cardiothoracic surgery [35-38], obstetrics and gynaecology [39,40], urology 
[41], neurosurgery [42] and craniofacial surgery [43,44]: in other parts of the human body 
different magnitudes of forces and differences in blood circulation are often present. 
Therefore, generalizability of Inion CPS for other medical fields is not readily applicable.

General conclusions and clinical implications
Considering the relatively high number of (and disturbing) intra-operative switches, the 
higher plate removal percentages, the less cost-effectiveness, and the comparable re-
lapse 2 years post-operatively of the Inion CPS biodegradable plates and screws com-
pared to the KLS Martin titanium plates and screws, there seems to be no place for Inion 
CPS in the regular treatment spectrum of mandibular, Le Fort-I, and zygomatic fractures, 
and BSSO’s, Le Fort-I osteotomies and bimaxillary osteotomies. Given the results of our 
multicenter RCT titanium should remain the “golden standard” for the above mentioned 
surgical procedures.

Future perspectives
The time-consuming pre-tapping, screw insertion, and possible screw breakage can be 
avoided by using biodegradable tacks or the relatively new technique of ultrasonically 
welding the plate and screw together. The biodegradable tacks obviously do not have 
the disadvantage of pre-tapping, but require thicker bone. The application of ultrasonic 
welding is based on a biodegradable plate and mesh system, in combination with a new 
special configured pin system. The pin (that replaces the screw, known from other sys-
tems) is inserted by means of an ultrasonic handpiece. Due to the ultrasonic vibrations, 
the pin is welded into the corticospongeous microstructure of the bone and melts with 
the plate. The combination of plate-pin provides a more stable complex than can be ac-
complished by the combination of plate and screws [47]. The thermal stress caused by 
the ultrasound-aided pin insertion does not result in foreign body reactions or induced 
necrosis [118]. Disadvantages of this technique are (1) that it is based on the mechani-
cally inferior ResorbX® system [45,46], and (2) there exists a patent on the technique of 
ultrasonic welding (SonicWeld Rx®). Therefore, it cannot be freely used with the mechani-
cally superior other biodegradable systems. A strong(er), more user-friendly and more 
biocompatible biodegradable osteofixation material can perhaps be manufactured by us-
ing (a combination of) different techniques and/or a different combination of polymers.

Final remarks
Socioeconomic and psychological advantages of biodegradable fixation systems over ti-
tanium ones make it valuable to develop them. Considering the intrinsic properties of 
today’s polymers, it is questionable whether biodegradable polymeric fixation systems 
will ever fully banish metallic fixation systems from the market [119].
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Chapter 1 describes that maxillofacial traumatology and orthognathic surgery are major 
fields of contemporary oral and maxillofacial (OMF) surgery. The main goal is a predict-
able, fast, anatomical, safe and painless functional reunion of bone segments. Essential 
prerequisites to achieve primary bone healing of fractures and osteotomies are sufficient 
blood supply, anatomical reduction and internal rigid fixation. Titanium fixation systems, 
i.e., plates and screws, are nowadays regarded as the “golden standard” for internal 
rigid fixation. Titanium fixation systems can be used safely and (cost)effectively. However, 
titanium has several disadvantages that result in a second intervention to remove the 
implants in 5-40% of the cases. Biodegradable fixation systems, degrading after heal-
ing time, could be an appropriate alternative to prevent this second intervention. This is 
desirable from the point of view of healthcare quality, i.e., patient comfort and risk of 
complications, and associated socio-economic costs. It has been almost 50 years since 
the introduction of biodegradable devices. Despite the intended benefits of biodegrad-
able osteofixation devices these systems have not replaced the titanium fixation systems, 
and are these days applied in only limited numbers. The major drawback for general 
use of biodegradable devices is the lack of clinical evidence for well defined indications. 
There is some evidence available from randomized controlled trials (RCTs) to support the 
conclusion that there is no significant difference between biodegradable and titanium 
osteofixation devices with regard to short-term clinical outcome, and complication rate 
in the area of orthognathic surgery. A definitive conclusion regarding the fixation of 
fractured and osteotomized bone segments with respect to the long-term performance 
in OMF surgery cannot be drawn. Another significant factor of the limited use of biode-
gradable fixation systems is the resistance by surgeons to modify their conventional, well 
experienced, treatment techniques. Improvements in intra-operative application, particu-
larly in plate adaptation and screw insertion, are needed before their use becomes more 
widespread. Due to the limited use of biodegradable fixation systems, the costs of the 
plates and screws are higher compared to the costs of titanium plates and screws. This 
is a potential threat for the general use of biodegradable fixation systems. In order to 
become truly more cost-effective than titanium, the costs of the biodegradable fixation 
systems have to be reduced while clinical outcomes need to be superior.
It was the general aim of this thesis to establish (1) short-term effectiveness and safety, (2) 
long-term clinical performance, (3) cost-effectiveness, and (4) relapse of biodegradable 
plates and screws used for fixation of bone segments in the maxillofacial skeleton as an 
alternative to titanium plates and screws.

Chapter 2 comprises a multicenter RCT regarding the short term skeletal stability (bone 
healing 8 weeks after surgery) without maxillomandibular fixation (MMF) post-opera-
tively, the handling characteristics, and safety of a biodegradable and a titanium fixa-
tion system in OMF surgery. The multicenter RCT was performed in the Netherlands 
from December 2006-July 2009. Included were 230 patients who underwent a bilateral 
sagittal split osteotomy (BSSO), a Le Fort-I osteotomy, or a bimaxillary osteotomy, and 

those treated for fractures of the mandible, maxilla, or zygoma. The patients were ran-
domly assigned to a biodegradable test-group (plates and screws of Inion CPS) or to a 
titanium control-group (plates and screws of KLS Martin). The randomization procedure 
resulted in an Intention-To-Treat (ITT) population of 113 patients in the titanium group 
and 117 patients in the biodegradable group. At 25 biodegradable-randomized patients 
(‘switches’) the OMF surgeon made the decision to switch to the titanium fixation sys-
tem intra-operatively. In the ITT analysis these switches were ‘scored’ as failures for the 
primary outcome measure ‘bone healing 8 weeks after surgery’. In other words, how can 
something be qualified a success, when it is not even possible to apply it? This resulted 
in an inferior bone healing performance of the biodegradable fixation system compared 
to the titanium fixation system. To conclude that the biodegradable fixation system was 
not appropriate for (and should be deleted entirely from) clinical use on the basis of these 
data alone, would be too rigorous. Therefore, an extra analysis (Treatment-Received (TR)
analysis) was performed: when it was possible to apply the biodegradable fixation sys-
tem, bone healing (without rigid MMF post-operatively) yielded a non-significant differ-
ence between both groups. In this analysis the 25 ‘switches’ were added to and analyzed 
in the titanium group.
The handling characteristics (plate adaptation, drilling/tapping, and screw insertion) of 
the biodegradable fixation system were inferior compared to the titanium fixation sys-
tem. Other secondary outcome measures, such as occlusion, pain, and plate removal, 
showed no significant differences between patients treated with the titanium or the 
biodegradable fixation system 8 weeks post-operatively. 

Chapter 3 focuses on the reasons for the intra-operative switches in order to find predic-
tor variables that may be helpful in deciding in advance whether to use biodegradable 
devices or not. The surgeons’ opinion about the biodegradable fixation system, and if 
there was a learning curve in the application of the biodegradable fixation system were 
also investigated.
Inadequate primary stability was the main reason for switching. This can be material-
related, or related to inexperience with or lack of confidence in the system, or impatience 
of the surgeon. However, after analysing the reasons for the switches no firm conclusions 
could be drawn about possible predictor variables. The user comfort of and confidence 
in the biodegradable fixation system were significantly less compared to the titanium 
fixation system. There was also established a subjective learning curve in the application-
skills for the biodegradable fixation system, which could not be objectified with statistical 
analysis. 
It was concluded that a learning curve and personal preferences probably played an im-
portant role in the decision to switch to the titanium fixation system. With more patience 
and experience it should be possible to increase user comfort and confidence in the bio-
degradable fixation system, thereby decreasing the number of intra-operative switches.
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In chapter 4 the 1 and 2 years post-operative clinical performance of the biodegrad-
able fixation system as an alternative to the titanium fixation system regarding fixation 
of fractures and osteotomies in the maxillofacial skeleton was investigated. The analyses 
revealed that the biodegradable fixation system performed inferiorly to the titanium fixa-
tion system regarding plate removal (24.1% vs. 11.9%). The risk for removal when oper-
ated with biodegradable plates and screws was 2.2 times higher than the risk for removal 
when operated with titanium within the first 2 post-operative years. In the biodegradable 
group all plate removals and in the titanium group nearly all removals were due to clini-
cal problems located in the mandible. Nevertheless, there was no significant difference 
in plate removal percentages between the different types of surgical procedure, i.e., the 
types of surgical procedure as predictor variable for plate removal could not be identified.
The plate removals were mainly due to abscess formation. It is unclear what the rea-
son was for the abscess formations/inflammatory reactions. Occlusion, VAS- and MFIQ-
scores showed that the patients in both groups had a good mandibular function and 
were (almost) free of pain 1 and 2 years post-operatively.

Chapter 5 comprises the cost-effectiveness of the biodegradable fixation system as an 
alternative to the titanium fixation system regarding treatment of fractures and osteoto-
mies in the maxillofacial skeleton. In the cost-effectiveness analysis, costs were linked to 
the clinical outcomes bone healing and plate removal. The results of the ITT analyses and 
TR analyses indicate that operations performed with titanium plates and screws had bet-
ter health outcomes, i.e., less plate removals and less inadequate bone healing. In the ITT 
analyses the mean total costs were higher in the biodegradable group, while in the TR 
analyses these costs were higher in the titanium group. This difference can be explained 
by the intra-operative switches, because these switches are the only difference between 
both analyses.
It is remarkable that plate removal surgery was only a small percentage of the total costs. 
Even if all patients would have had plate removal, these costs would not outweigh the 
costs of the primary surgery, hospital admission, the outpatient visits, and absence from 
work.
It was concluded that the biodegradable system was less cost-effective compared to the 
titanium system, and that (the costs of) the titanium plate removals do not outweigh the 
(disturbing) intra-operative switching from the biodegradable to the titanium system. In 
fact, there were even more plate removals in the biodegradable group. There were no 
significant differences in bone healing and plate removal percentages between the differ-
ent types of surgical procedure. Therefore, the results of bone healing, plate removal and 
cost-effectiveness can be applied to all types of surgical procedure in the RCT.

In chapter 6 the 2 years post-operative relapse of BSSO advancement osteotomies after 
treatment with the biodegradable or the titanium fixation system is presented. Point B 
and point Pg (Chapter 6, Figure 2) were chosen as most important relapse-indicating vari-

ables after mandibular advancement surgery. Analysis was performed by digitally tracing 
the lateral cephalograms. In addition, the relationship between the amount of relapse 
and other variables that possibly influenced this amount (predictor variables) was studied.
The relapse in BSSO advancement osteotomies was not statistically different between 
patients treated with biodegradable plates and screws and those treated with titanium 
plates and screws. We found that the amount of horizontal advancement at point B and 
point Pg, was a predictor variable for the amount of horizontal relapse at point B and 
point Pg, respectively, i.e., the larger the surgical advancement, the larger the relapse. 
The same is valid for the vertical dimensions of these two points. Age, sex, mandibular 
length, mandibular body length, and mandibular plane angle could not be identified as 
predictor variables for relapse.
Analysis of BSSO setback osteotomies, Le Fort-I osteotomies, and bimaxillary osteotomies 
was not performed because there was a too small number of patients in both groups to 
draw firm conclusions.

The main research outcomes are presented and discussed, and general conclusions are 
drawn in chapter 7. Considering the frequent (disturbing) intra-operative switches, the 
higher plate removal percentages, the less cost-effectiveness, and the comparable re-
lapse 2 years post-operatively of the biodegradable plates and screws of Inion CPS com-
pared to the titanium plates and screws of KLS Martin, there seems to be no place for 
the biodegradable plates and screws of Inion CPS in the regular treatment spectrum of 
mandibular, Le Fort-I, and zygomatic fractures, and BSSO’s, Le Fort-I osteotomies and 
bimaxillary osteotomies. Given the results of our multicenter RCT titanium should remain 
the “golden standard” for the above mentioned surgical procedures.
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In hoofdstuk 1 wordt beschreven dat maxillofaciale traumatologie en orthognatische 
chirurgie belangrijke deelgebieden zijn binnen de Mondziekten, Kaak- en Aangezicht-
schirurgie (MKA-chirurgie). Het hoofddoel is een voorspelbare, snelle, anatomisch cor-
recte, veilige en functioneel pijnloze hereniging van botsegmenten. Essentiële voorwaar-
den voor primaire botheling van fracturen en osteotomieën zijn voldoende bloedtoevoer, 
anatomische reductie en interne rigide fixatie. Titanium fixatie systemen, dat wil zeggen 
platen en schroeven, worden op dit moment beschouwd als de “gouden standaard” voor 
interne rigide fixatie. Titanium is gemakkelijk, veilig en kosteneffectief in het gebruik. Ech-
ter, titanium heeft enkele nadelen die in 5-40% van de gevallen leiden tot een tweede 
operatie om het materiaal te verwijderen. Biodegradeerbare fixatie systemen, die oplos-
sen nadat botheling heeft plaatsgevonden, zouden een geschikt alternatief kunnen zijn 
om deze tweede operatie te voorkomen. Dit is wenselijk vanuit het oogpunt van kwaliteit 
van de gezondheidszorg, dat wil zeggen patiëntencomfort en risico op complicaties, als-
mede bijbehorende socio-economische kosten. Bijna 50 jaar geleden vond de introductie 
van de eerste biodegradeerbare fixatie systemen plaats. Ondanks de beoogde voordelen 
van biodegradeerbare fixatie systemen hebben deze systemen de titanium fixatie syste-
men tot op heden niet vervangen, en worden ze slechts in beperkte mate toegepast. Het 
grootste bezwaar voor een brede toepassing van biodegradeerbare fixatie systemen is 
het gebrek aan wetenschappelijk bewijs voor welomschreven indicaties. Er is enig bewijs 
beschikbaar uit gerandomiseerde gecontroleerde studies (RCTs) dat de conclusie dat er 
geen significant verschil is tussen biodegradeerbare fixatie systemen en titanium fixatie 
systemen met betrekking tot de effectiviteit en veiligheid op het gebied van de orthogna-
tische chirurgie op de korte termijn ondersteunt. Een definitieve conclusie over de fixatie 
van gefractureerde en geosteotomeerde botsegmenten met betrekking tot de prestaties 
op de lange termijn kan binnen de MKA-chirurgie niet worden getrokken. Een andere 
belangrijke factor voor het beperkte gebruik van biodegradeerbare fixatie systemen is de 
weerstand van chirurgen om hun conventionele behandelingstechnieken, waar zij veel 
ervaring mee hebben, te modificeren. Verbeteringen in de peroperatieve applicatie, van 
met name de plaatadaptatie en het aanbrengen van de schroeven, zijn nodig om groot-
schalig gebruik te bewerkstellingen. Tevens is het zo dat door het gelimiteerde gebruik 
van biodegradeerbare platen en schroeven, de kosten hiervan hoger zijn dan de kosten 
van titanium platen en schroeven. Dit is een potentiële bedreiging voor een meer alge-
meen gebruik van biodegradeerbare fixatie systemen. Om echt volledig kosteneffectiever 
dan titanium te worden, dienen de kosten van biodegradeerbare fixatie systemen te 
worden verminderd en dienen de klinische uitkomsten superieur te zijn.
Het doel van dit promotieonderzoek was om (1) de korte termijn effectiviteit en veilig-
heid, (2) de klinische prestaties op de lange termijn, (3) de kosteneffectiviteit, en (4) de 
relapse van biodegradeerbare platen en schroeven vast te stellen bij het fixeren van bot-
segmenten in het maxillofaciale skelet als alternatief voor titanium platen en schroeven.

Hoofdstuk 2 omvat een multicenter RCT met betrekking tot de korte termijn skeletale 

stabiliteit (botheling 8 weken postoperatief) zonder postoperatieve intermaxillaire fixatie 
(IMF), de hanteerbaarheid en de veiligheid van een biodegradeerbaar fixatie systeem en 
een titanium fixatie systeem in de MKA-chirurgie. De multicenter RCT werd uitgevoerd in 
Nederland van december 2006 tot juli 2009. Geïncludeerd werden 230 patiënten die een 
bilaterale sagittale splijtingsosteotomie (BSSO), een Le Fort I-osteotomie of een bimaxil-
laire osteotomie ondergingen en patiënten die behandeld werden voor een fractuur van 
de mandibula, maxilla of zygoma. De patiënten werden willekeurig toegewezen naar een 
behandeling met biodegradeerbare platen en schroeven van Inion CPS of naar een behan-
deling met titanium platen en schroeven van KLS Martin. De randomisatieprocedure resul-
teerde in een Intention-To-Treat (ITT) populatie van 113 patiënten in de titanium groep en 
117 patiënten in de biodegradeerbare groep. Bij 25 biodegradeerbaar-gerandomiseerde 
patiënten (‘switches’) werd door de MKA-chirurg tijdens de operatie besloten om te ‘swit-
chen’ naar het titanium fixatie systeem. Deze switches werden in de ITT analyse gescoord 
als ‘failures’ voor de primaire uitkomst ‘botheling 8 weken postoperatief’. Immers, hoe kan 
iets gescoord worden als ‘een succes’, wanneer het niet eens lukt om het aan te brengen? 
Dit resulteerde in een inferieure botheling van het biodegradeerbare fixatie systeem ver-
geleken met het titanium fixatie systeem. Om op basis van alleen die gegevens te conclu-
deren dat het biodegradeerbare fixatie systeem niet geschikt is voor het klinische gebruik 
(en volledig geschrapt zou moeten worden uit de kliniek) is te rigoureus. Om die reden 
werd een extra analyse verricht, de zogenaamde Treatment-Received (TR) analyse. Deze 
analyse liet zien dat wanneer het tijdens de operatie gelukte om het biodegradeerbare 
fixatie systeem aan te brengen de botheling (zonder postoperatieve IMF) tussen beide be-
handelgroepen niet significant verschillend was. In deze analyse werden de 25 ‘switches’ 
toegevoegd aan en geanalyseerd in de titanium groep.
De hanteerbaarheid (plaatadaptatie, boren/tappen en schroefinsertie) van het biodegra-
deerbare fixatie systeem was inferieur vergeleken met de hanteerbaarheid van het titanium 
fixatie systeem. Andere secundaire uitkomstmaten, zoals occlusie, pijn en plaatverwijde-
ring waren 8 weken postoperatief niet significant verschillend tussen patiënten die behan-
deld werden met het titanium fixatie systeem of met het biodegradeerbare fixatie systeem.

Hoofdstuk 3 richt zich op de redenen van de peroperatieve switches en beoogt variabe-
len te identificeren die een hoger risico hebben op een switch (voorspellende variabelen), 
zodat je op voorhand zou kunnen bepalen of het biodegradeerbare fixatie systeem wel 
of niet gebruikt zou moeten worden. Tevens wordt in dit hoofdstuk de mening van de 
MKA-chirurg geëvalueerd en onderzocht of er een leercurve was in de applicatie van het 
biodegradeerbare fixatie systeem.
Onvoldoende primaire stabiliteit was de belangrijkste reden om te switchen. Dit kan ma-
teriaal gerelateerd zijn, gerelateerd zijn aan onervarenheid, gebrek aan vertrouwen of on-
geduld van de MKA-chirurg. Helaas konden na analyse van de switches geen harde con-
clusies worden getrokken over mogelijke voorspellende variabelen. Het gebruikscomfort 
van en het vertrouwen in het biodegradeerbare fixatie systeem waren significant minder 
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in vergelijking met het titanium fixatie systeem. Tevens was er een subjectieve leercurve 
in de applicatie van het biodegradeerbare fixatie systeem, die niet geobjectiveerd kon 
worden door middel van statistische analyse.
Geconcludeerd werd dat een leercurve en persoonlijke voorkeuren waarschijnlijk een 
belangrijke rol hebben gespeeld bij de beslissing om peroperatief te switchen naar het 
titanium fixatie systeem. Met meer geduld en ervaring zou het mogelijk moeten zijn om 
het gebruikerscomfort van en het vertrouwen in het biodegradeerbare fixatie systeem te 
vergroten, waardoor het aantal peroperatieve switches zal kunnen afnemen.

Geëvalueerd in hoofdstuk 4 worden de 1 en 2 jaars postoperatieve klinische prestaties 
van het biodegradeerbare fixatie systeem als alternatief voor het titanium fixatie systeem 
voor behandeling van fracturen en osteotomieën in het maxillofaciale skelet. De analyse 
liet zien dat het biodegradeerbare fixatie systeem inferieur was vergeleken met het ti-
tanium fixatie systeem voor wat betreft plaatverwijdering (24.1% vs. 11.9%). Het risico 
op plaatverwijdering in de eerste 2 jaar postoperatief voor patiënten die geopereerd 
werden met het biodegradeerbare fixatie systeem was 2.2 keer zo hoog als het risico op 
plaatverwijdering voor patiënten die geopereerd werden met titanium. In de biodegra-
deerbare groep waren alle plaatverwijderingen en in de titanium groep waren bijna alle 
plaatverwijderingen het gevolg van klinische problemen in de mandibula. Toch was er 
geen significant verschil in plaatverwijderingspercentages tussen de verschillende soorten 
chirurgische procedures. Of anders gezegd, er kon geen operatietype worden geïdentifi-
ceerd waarbij het risico op plaatverwijdering verhoogd was.
De plaatverwijderingen werden hoofdzakelijk veroorzaakt door abcesformatie. Het is 
niet duidelijk wat de reden was voor deze abcesformaties/ontstekingsreacties. Occlusie, 
VAS- en MFIQ-scores lieten zien dat patiënten in beide groepen een goede mandibulaire 
functie hadden en (vrijwel geheel) pijnvrij waren 1 en 2 jaar postoperatief.

Hoofdstuk 5 omvat de kosteneffectiviteit van het biodegradeerbare fixatie systeem als 
alternatief voor het titanium fixatie systeem voor de behandeling van fracturen en osteo-
tomieën in het aangezicht. In de kosteneffectiviteitsanalyse werden de kosten gekoppeld 
aan de klinische uitkomstmaten botheling en plaatverwijdering. Uit de resultaten van 
de ITT analyse en de TR analyse bleek dat operaties uitgevoerd met de titanium platen 
en schroeven betere uitkomsten hadden, dat wil zeggen minder plaatverwijderingen en 
minder inadequate bothelingen. In de ITT analyse waren de gemiddelde totale kosten 
hoger in de biodegradeerbare groep, terwijl in de TR analyse de kosten in de titanium 
groep hoger waren. Dit verschil kan verklaard worden door de peroperatieve switches, 
aangezien deze switches het enige verschil zijn tussen beide analyses.
Het is opvallend dat de kosten van de plaatverwijderingen slechts een klein percentage 
van de totale kosten uitmaakten. Zelfs al zouden bij alle patiënten de platen verwijderd 
zijn, dan nog zouden de kosten van deze plaatverwijderingen niet opwegen tegen de kos-
ten van de primaire operatie, de kosten van de ziekenhuisopname, de kosten van de poli-

klinische bezoeken en de gederfde inkomsten ten gevolge van afwezigheid op het werk. 
Geconcludeerd werd dat het biodegradeerbare fixatie systeem minder kosteneffectief 
was vergeleken met het titanium fixatie systeem, en dat (de kosten van) de titanium 
plaatverwijderingen niet opwogen tegen de (storende) peroperatieve switches van het 
biodegradeerbare fixatie systeem naar het titanium fixatie systeem. Er waren zelfs meer 
plaatverwijderingen in de biodegradeerbare groep. Er waren geen significante verschillen 
tussen de verschillende typen operaties voor wat betreft botheling en plaatverwijdering. 
De resultaten van botheling, plaatverwijdering en kosteneffectiviteit kunnen dus toege-
past worden op alle typen operaties die in deze RCT werden geïncludeerd.

In hoofdstuk 6 wordt de 2 jaar postoperatieve relapse van BSSO advancement osteoto-
mieën gepresenteerd na behandeling met het biodegradeerbare fixatie systeem of met 
het titanium fixatie systeem. Punt B en punt Pg (Hoofdstuk 6, Figuur 2) werden gekozen 
als belangrijkste relapse-aangevende variabelen. Analyse werd uitgevoerd door de late-
rale cefalogrammen digitaal te tracen. Verder werd bestudeerd of de mate van relapse 
beïnvloed wordt door bepaalde andere variabelen (voorspellende variabelen). 
De relapse van BSSO advancement osteotomieën was niet statistisch significant verschil-
lend tussen patiënten die behandeld werden met het biodegradeerbare fixatie systeem 
en patiënten die behandeld werden met het titanium fixatie systeem. De mate van hori-
zontale verplaatsing van punt B en punt Pg tijdens de operatie bleek een voorspellende 
variabele voor de mate van relapse van deze punten, namelijk hoe groter de chirurgische 
verplaatsing, des te groter de relapse. Hetzelfde gold voor de verticale dimensies van deze 
twee punten. De variabelen leeftijd, geslacht, grootte van de mandibula, grootte van de 
mandibular body en de zogenaamde mandibular plane angle (horizontale groeiers vs. 
verticale groeiers) konden niet geïdentificeerd worden als relapse-voorspellende variabe-
len in deze studie.
Analyse van de BSSO setback osteotomieën, Le Fort I-osteotomieën en bimaxillaire os-
teotomieën werd niet uitgevoerd, omdat er te weinig patiënten in beide groepen waren 
om harde conclusies te trekken. 

De belangrijkste onderzoeksresultaten worden gepresenteerd en bediscussieerd, en al-
gemene conclusies worden getrokken in hoofdstuk 7. Met inachtneming van de fre-
quent optredende peroperatieve switches (en het storende karakter hiervan), de hogere 
plaatverwijderingspercentages, de mindere kosteneffectiviteit, en de vergelijkbare re-
lapse 2 jaar postoperatief van de biodegradeerbare platen en schroeven van Inion CPS 
vergeleken met de titanium platen en schroeven van KLS Martin, lijkt er geen plaats te 
bestaan voor de biodegradeerbare platen en schroeven van Inion CPS in het reguliere 
behandelspectrum van mandibula, Le Fort-I en zygoma fracturen en van BSSO’s, Le Fort 
I-osteotomieën en bimaxillaire osteotomieën. Gezien de resultaten van de multicenter 
RCT uitgevoerd in dit proefschrift dient titanium de “gouden standaard” te blijven voor 
de behandeling van de bovenbeschreven chirurgische procedures.
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Velen hebben op enigerlei wijze bijgedragen aan de totstandkoming van dit proefschrift. 
Zonder anderen tekort te willen doen wil ik een aantal personen in het bijzonder noemen.
 
Allereerst dank ik de patiënten die zich bereid hebben getoond om deel te nemen aan 
het onderzoek. Zonder jullie was dit proefschrift er niet geweest!
 
Geachte Prof. dr. Bos, hooggeleerde 1ste promotor, beste Ruud, het valt niet mee de 
juiste woorden te vinden om je te bedanken dat je met mij ‘in zee’ bent gegaan. Als 
geen ander volsta je de kunst te denken in oplossingen. Hier bovenop heb je met je on-
geëvenaard enthousiasme en je toegankelijkheid de afgelopen jaren een voor mij ideaal 
onderzoeksklimaat weten te creëren. Je hebt me volledig vrij gelaten in de uitvoering van 
het onderzoek, hierbij nooit de ontspannen sfeer en de promotie als einddoel uit het oog 
verliezend. Je klinische blik gecombineerd met je kennis op het gebied van osteosynthese 
materialen hebben me geleerd de dingen in perspectief te plaatsen. Ik heb genoten van 
onze congresbezoeken in onder andere Brugge, Santiago en Barcelona. Je hebt bij mij 
een voor jou onuitwisbaar gevoel van respect en waardering achtergelaten!
 
Geachte Prof. dr. Stegenga, hooggeleerde 2de promotor, beste Boudewijn, als geen an-
der volsta je de kunst te denken in mogelijkheden. Je scherpzinnigheid heeft een be-
langrijke bijdrage geleverd aan de ontwikkeling van mijn wetenschappelijk denken en 
me doen beseffen dat dit een essentieel onderdeel is van het lege artis uitvoeren van 
onderzoek. De laatste stelling is wat mij betreft volledig op jou van toepassing. Ik kan nog 
steeds genieten van je kennis en kunde op het gebied van statistiek en epidemiologie. Je 
gezelligheid heeft me doen inzien dat er naast het werk ook nog een privéleven is. Ik ben 
je daar zeer erkentelijk voor! Ook jij hebt bij mij een onuitwisbaar gevoel van respect en 
waardering achtergelaten.
 
Geachte Dr. Jansma, zeergeleerde copromotor, beste Johan, je hebt verreweg de meeste 
patiënten in onze multicenter RCT geopereerd met oplosbare platen en schroeven. Je bij-
drage aan onze RCT is hierdoor onmisbaar geweest. Tevens heb je met je klinische blik en 
je waardevolle op- en aanmerkingen een belangrijke bijdrage geleverd aan de leesbaar-
heid van de verschillende artikelen, alsook van dit proefschrift. Ik heb genoten van onze 
congresbezoeken in Brugge en Santiago. Bedankt dat je mijn copromotor hebt willen zijn.
 
Geachte Dr. Buijs, zeergeleerde copromotor, beste Jappe, met jou als copromotor kon ik 
me geen betere directe begeleider wensen. De sturing die je me de afgelopen jaren hebt 
gegeven en je oog voor het grote geheel, hebben een belangrijke bijdrage geleverd aan 
de kwaliteit van dit proefschrift. Ondanks je drukke programma maakte je altijd tijd voor 
me. En ook al hadden we soms pittige discussies, we gingen altijd uit elkaar met een 
glimlach. Ik bewonder je om je kennis en kunde op het gebied van de esthetische tand-
heelkunde. “Restoring nature” heb jij tot een kunst verheven. Ik kan nog steeds genieten 

van het feit dat onze vriendschap geen moeite kost. Ik wens jou, Kirs en jullie aanstaande 
zoon alle goeds toe. Bedankt dat je mijn copromotor hebt willen zijn.
 
Geachte Prof. dr. Spijkervet, beste Fred, het op de hoogte zijn van de dingen om je heen 
en je vooruitstrevendheid - zonder daarbij de huidige stand van zaken uit het oog te ver-
liezen - zijn bewonderenswaardig. De titel van je oratie “Toekomst aan de kaak gesteld” 
past wat mij betreft volledig in jouw straatje. Niets anders dan lof voor de manier waarop 
je invulling geeft aan je taak als opleider en voor het continueren van een klimaat waarin 
het onderzoek maximaal kan floreren. Het congres in Santiago en de daaropvolgende 
week in Patagonia, inclusief het vieren van jouw verjaardag aldaar, waren onvergetelijk! 
Ik hoop de aankomende jaren onder jouw leiding uit te groeien tot een kundig MKA-
chirurg.
 
Geachte Prof. dr. L.G.M. de Bont, beste professor, ik heb altijd grote bewondering gehad 
voor u als hoofd van de afdeling Kaakchirurgie en voor het schijnbare gemak waarmee 
u invulling gaf aan deze functie. Uw kennis en manier van zaken doen hebben grote 
indruk gemaakt. Niet alleen afdelingsbreed, maar ook ziekenhuisbreed en op landelijk 
niveau. Uw benoeming tot Officier in de Orde van Oranje Nassau bij uw afscheid als 
hoofd van onze afdeling moge hier getuige van zijn. Ik heb me de afgelopen jaren zeer 
welkom gevoeld (en nog steeds) op onze afdeling. Daar heeft u een belangrijke bijdrage 
aan geleverd. Ik ben u veel dank verschuldigd voor het creëren van het geweldige onder-
zoeksklimaat van onze afdeling.
 
Geachte heer Rolvink, beste Richard, als manager van onze afdeling ben je van onschat-
bare waarde. Met schijnbaar gemak en je immer opgewektheid creëer jij nog elke dag 
een aantrekkelijk werkklimaat voor al onze medewerkers. Ik ben je daar zeer dankbaar 
voor. In de beperking toont zich de meester!
 
Geachte leden van de beoordelingscommissie, geachte prof. dr. A.G. Becking, prof. dr. 
P.E. Haers en prof. dr. F.R. Rozema, ik ben u zeer erkentelijk voor de tijd die u heeft vrijge-
maakt voor het beoordelen van het manuscript.

 
Geachte dr. De Visscher, dr. Hoppenreijs, dr. Fennis, dr. Brouns, dr. Bergsma, dr. Gooris 
en dr. Voûte, beste Jan, Theo, Jeroen, John, Eelco, Peter en Bert, en geachte secretari-
aten van bovengenoemde MKA-chirurgen, beste Chantal, Francien, Annemieke, Mieke 
en Inge, veel dank voor jullie bereidwilligheid deel te willen nemen aan onze multicenter 
RCT en veel dank voor de plezierige samenwerking. Zonder jullie participatie was dit 
proefschrift er niet geweest!
 
Geachte heer Seubers, beste Gert, met jouw organisatorische ondersteuning ben je on-
misbaar geweest voor de uitvoering van onze RCT en de totstandkoming van dit proef-
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schrift. Promovendi kunnen niet zonder mensen zoals jij!

Geachte heer Assmann en mevrouw Strooisma, beste Marco en Hedde, hartelijk dank 
voor het opzetten van de randomisatieprocedure, jullie laagdrempeligheid, en de ‘double 
data entry’ van de ruim 30.000 vragen van alle studieformulieren. Jullie Trial Coordination 
Center zou wereldwijd de gouden standaard moeten zijn.
 
Geachte Dr. Vermeulen, Dr. Huddleston-Slater, Dr. Stokman, Dr. Melchers, Dr. Damman 
en Prof. dr. Dijkstra, beste Karin, James, Monique, Lieuwe, Kevin en Pieter, veel dank voor 
de plezierige samenwerking en jullie statistische en epidemiologische ondersteuning.
 
Geachte Dr. Pruim, beste Gerard, hartelijk dank voor je geduld waarmee je me wegwijs 
hebt gemaakt in het superimponeren en voor het maken van een aparte tracingsanalyse. 
Je hebt hierdoor een belangrijke bijdrage geleverd aan het relapse artikel.

Geachte MKA-chirurgen van het Universitair Medisch Centrum Groningen, beste staf-
leden, hartelijk dank voor het faciliteren van het fantastische opleidingsklimaat. Ik heb 
me altijd gesterkt gevoeld door jullie belangstelling, vriendelijke woorden en jullie immer 
opbouwende kritiek.

Beste mede-onderzoekers, beste Kirs, Esther, Marleen, Daniëla, Laurens, Carina, Elise, 
Harriët, Eric, Yvonne, Gerdien en Joep, hartelijk dank voor jullie interesse, hulp en gezel-
lige koffiemomenten van de afgelopen jaren.

Beste mede-AIOS, beste Wim, Artur, Michiel, Lieuwe, Ferdinand, Anne, Alies, Petra, Se-
bastiaan, Roderik, Martin, Rodney, Jolanda, Jurrijn, Maaike en Willem, veel dank voor de 
prettige sfeer, samenwerking en jullie bereidwilligheid om er een fantastische opleidings-
tijd van te maken!

Geacht secretariaat, beste Lisa, Nienke, Angelika, Fieke, Karin en Harry, hartelijk dank 
voor jullie secretariële, mentale en computertechnische ondersteuning. De koffie- en 
taartmomenten zijn nog altijd vol met grappenmakerijen en gezelligheid.

Geachte Dr. Van Leeuwen, beste Anne, als mede-onderzoeker, mede-student tandheel-
kunde, en mede-AIOS hebben we heel wat avondjes en maaltijden gedeeld in het zie-
kenhuis. Ik dank je voor de onvergetelijke week in Patagonia en onze fietstochtjes op zijn 
elfendertigste. Je gevoel voor humor en je nuchterheid maken je tot een heerlijke collega.

Dit is gericht aan alle medewerkers van de afdeling Mondziekten, Kaak- en Aangezicht-
schirurgie van het Universitair Medisch Centrum Groningen:
Beste MKA-chirurgen, AIOS, onderzoekers, CBT-tandartsen, stafmedewerkers, secreta-

riaten, dames van de medische administratie, dames van de röntgen, mondhygiënisten, 
tandtechnici, assisterenden en personeel van de verpleegafdeling, hartelijk dank voor de 
prettige sfeer en samenwerking waarmee we onze ‘Zaak’ draaiende houden. Together 
Everyone Achieves More.

Geachte Dr(s). Broekema, beste Ferdinand, we hebben de afgelopen jaren samen tand-
heelkunde gestudeerd, tegelijkertijd het promotietraject doorlopen, en recent ben ook jij 
gestart met de opleiding tot MKA-chirurg. Ik heb je leren kennen als een gezellige en ge-
waardeerde collega, die zo nu en dan, zowel in Chili als in Spanje, ‘even een klein tukkie’ 
wilde doen. Ik dank je voor de gezellige biertjes en onze onvergetelijke trip in Patagonia. 
Binnenkort zul ook jij de ‘s’ kunnen wegstrepen. Bedankt dat je mijn paranimf wilt zijn.
 
Geachte Dr. Vos, beste Lukas, als kamergenoot bleek je de ideale ‘sparringpartner’. Door 
vanuit een andere invalshoek naar mijn promotieonderzoek te kijken heb ook jij bijgedra-
gen aan een verbetering van de kwaliteit van dit proefschrift. Ik respecteer je kennis en 
nauwgezetheid. Ook privé kan ik het goed met je vinden. De dinertjes met onze vrouwen 
gecombineerd met een glas wijn na een tocht op de racefiets zijn nog altijd gezellig. Ons 
wederzijdse paranimfschap is mijns inziens een mooie uiting van onze vriendschap en 
wederzijdse waardering. Binnenkort begin ook jij met de opleiding tot MKA-chirurg en 
zullen we met onze nieuwsgierigheid nieuwe uitdagingen aangaan. Bedankt dat je mijn 
paranimf wilt zijn.

Geachte Dr(s). Schepers, beste Rutger, na ons gezellige congres van de EACMFS in 2010 
in Brugge, ‘kocht’ jij je in in kamer S3.222 met de Nespresso koffiemachine. Aangezien 
de door ons betaalde koffie-gezelligheid van onze collega’s vrij snel een dure aange-
legenheid bleek, maakte de ‘koffiebig’ spoedig daarna zijn intrede. Net als met echte 
varkens groeide dit spaarpotje in korte tijd uit tot een mooi rond varkentje. Met je kennis 
op het gebied van de orthognatische chirurgie heb je er voor gezorgd dat ik bepaalde 
dingen van mijn promotieonderzoek beter in perspectief heb kunnen plaatsen. Ik heb be-
wondering voor de manier waarop je met je flexibiliteit, opgewekte humeur en schijnbare 
onuitputtelijke bron van energie je promotie vorm weet te geven naast je verantwoorde-
lijkheden als vader van 4 fantastische ‘smurfen’ en als echtgenoot van je vrouw Miriam. 
Ik ben er van overtuigd dat ook jij spoedig de ‘s’ zal kunnen wegstrepen en van nog meer 
toegevoegde waarde zal zijn voor onze afdeling.
 
Beste Erik-Jan, Bram en Coen, beste tandheelkundige vrienden, in 2010 mocht ik met 
jullie mee op fietsvakantie naar de Franse Alpen. Nadat in de eerste paar dagen de Alpe 
d’Huez, de Télégraphe en de Galibier met enige moeite bedwongen werden, volgde een 
onvergetelijke week in Blauvac (Frankrijk) met de beklimming van de Mont Ventoux als 
hoogtepunt. In de jaren hierna volgden nog meerdere vakanties, beklimmingen (Ovron-
naz, col du Sanetsch, col du Lein en wederom de Mont Ventoux) en mooie tochten (oa. 
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rondje Meer van Genève). Jullie hebben me de afgelopen jaren de mogelijkheid geboden 
om me, naast het promotieonderzoek, te ontspannen. Onder het genot van een heerlijk 
wijntje geniet ik nog altijd van jullie vriendschap.

Beste Judith en Nils, onze gezellige weekenden en onze home-sweat-home Oud & Nieuw 
diners zijn voor mij een soort mini-vakanties. Heerlijk ontspannend en even de gedachten 
‘op nul’. Jullie zijn een bijzonder stel! Ik ben jullie zeer erkentelijk voor jullie vriendschap. 
We gaan samen nog mooie dingen beleven waaronder jullie aanstaande huwelijk.

Geachte Drs. Kuijpers, beste Michiel, vanaf 2000 ‘partners in crime’, van een heerlijk 
onbezonnen en onvolwassen 1ste jaars student uitgegroeid tot een ‘man-to-be’ cardio-
thoracaal chirurg in opleiding met status en aanzien. Het is mooi om te zien dat we na al 
die jaren nog steeds een speciale band hebben. Ook ónze vriendschap kost geen moeite. 
Ook je lieve vriendin Lianne en jullie opgewekte zoon Max wil ik hier niet onbenoemd 
laten. Jullie tezamen zijn een mooie verschijning. Ik dank jullie voor jullie interesse en 
vriendschap.
 
Lieve pap en mam, jullie hebben me altijd vrijgelaten om mijn eigen weg te gaan en mijn 
doelen te verwezenlijken. Ik dank jullie voor jullie interesse, onvoorwaardelijke steun en 
liefde. 
 
Lieve Martine, mijn mooie vrouw, mijn maatje, mijn alles. Onze ambities halen ons weke-
lijks uit elkaar, onze liefde brengt ons in het weekend weer bij elkaar. Ik ben trots op je, 
trots dat je mijn naam draagt. Als ik aan je denk ben ik nooit alleen. Mooie dingen zijn 
ons voorbestemd. Samen tegen de rest van de wereld. Ik hou oneindig van je!
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