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This study represents the first experimental 
experience in a multi-specialist surgical environment 
focused on evaluating the efficacy of intraoperative 
indocyanine green (ICG) as a vascular tracer. The 
rationale of this study is based on the indocyanine 
green features to bind plasma proteins (1-3) (especially 
albumin), thus representing an effective tracer for 
intraoperative vascular evaluation (4-7). It aims to 
verify the ICG efficacy as a vascular tracer with a 
specific focus on multiple area reconstructive surgery 
and oncological surgery. Specifically, its real meaning 
consists of the evaluation of the primary and secondary 
perfusion flow in peripheral vessels using pedunculated 
flaps and microsurgical free flaps (8-11). Therefore, it is 
possible to have a full control in all the surgical steps of 
the reconstruction from sampling to grafting, ensuring 

early and timely intervention in case of need.
In light of the multidisciplinary nature of the study, 

we also wanted to verify the effectiveness of ICG as 
a lymph node tracer in cancer surgery (12-17). Its 
application takes place as part of the intraoperative 
evaluation of the sentinel lymph node (18-19) in order 
to develop an alternative system to the extemporaneous 
biopsy examination.

MATERIALS AND METHODS

This study represents a prospective 
multidisciplinary pilot study. The sample examined 
was not chosen on the basis of the actual need for 
statistical size. The study pool consisted of ten patients, 
including 3 males and 7 females. The average age of 

The objective of this study was to evaluate the feasibility and reproducibility of a new diagnostic approach 
through the flow injection of green indocyanine such as the intraoperative and perioperative vascularization in 
the reconstruction of various anatomical areas with pedunculated or microsurgical free flaps, the identification 
of the sentinel lymph node in the latero cervical emptying or the assessment of the quality of anastomoses 
in organ transplantation. The study involved ten patients who underwent reconstructive procedures with 
different surgical approaches for reconstructive surgery of head and neck. An intraoperative check was 
performed in several stages to assess the real perfusion status of the treated area. Indocyanine green was 
used in all the patients in association with an intraoperative imaging diagnostic system. Indocyanine green 
showed in all the cases a full highlight of central and peripheral vascularization. Furthermore, this imaging 
system allowed a satisfactory and rapid intraoperative evaluation of the vascular tree and a high sensitivity 
in detection of the sentinel lymph node in latero cervical emptying. Despite the limited sample, the results 
suggest that the intraoperative administration of indocyanine green may represent a valid evaluating system 
for reconstructed flap perfusion and for sentinel lymph node identification in oncological surgery.
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the registered population was 66 years. Of the clinical 
cases treated, 8 were affected by a neoplastic pathology 
(17), 1 by traumatic pathology and 1 by iatrogenic 
lesions (Table I).

Green indocyanine was used in 4 cases of 
microsurgical free flaps (16) for the evaluation of 
flap perfusion flow, in 2 cases for the evaluation of 
the perfusion of a pedicled reconstruction flap, in 3 
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Fig. 1-2. Standard flap evaluation with puncture of the skin surface of the flap with a 

hypodermic needle. 
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Table I. Patient demographic data, pathology, intervention, operative application of green 
indocyanine (ICG).  

 

 

Pzs Age Sex Pathology Intervention Application of Icg 

D. A. 73 F Left Retromolar Trine 
Squamous-Ca 

Alt Reconstruction Vascular Evaluation   
Free Flap 

S. A. 49 M Oro-Antral Communication Bichat’s Fat Pad 
Recnstruction 

Vascular Evaluation 
Pedunculated Flap 

P. R. 62 F Right Retromolar Trine 
Squamous-Ca 

Radial Flap 
Reconstruction 

Vascular Evaluation   
Free Flap 

C. O. 75 F Breast Adenocarcinoma 
Metastasis 

Radial Flap 
Reconstruction 

Vascular Evaluation   
Free Flap 

Z. L. 87 F Right Paralateronasal Wing 
Spinocellular-Ca 

Locoregional 
Demolition + 
Laterocervical 
Emptying 

Evaluation of Edges’ 
Infiltration 

L. C. 70 M Right Genien Mucosa 
Squamous-Ca 

Demolition + 
Laterocervical 
Emptying 

Evaluation of 
Sentinel Lymphnode 

P. E. 62 F Right Genien Mucosa 
Squamous-Ca 

Demolition + 
Laterocervical 
Emptying 

Evaluation of 
Sentinel Lymphnode 

A. L. 67 F Esophageal  

Squamous-Ca 

Radical 
Exophagectomy + 
Tubulization 

Vascular Evaluation 
Pedunculated Flap 

D. I. 41 M Caustic Injuries Radical 
Exophagectomy + 
Colon-Plastic 

Vascular Evaluation   
Free Flap 

U. C. 72 F Lingual Margin Squamous-
Ca 

Glossectomy + 
Laterocervical 
Emptying 

Evaluation of 
Sentinel Lymphnode 

Table I. Patient demographic data, pathology, intervention, operative application of green indocyanine (ICG).

Fig. 1. Standard flap evaluation with puncture of the skin surface of the flap with a hypodermic needle.
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simultaneously (color and fluorescence). This can 
have significant advantages in reconstructive surgery. 
Furthermore, the platform has a multipurpose use 
both for open surgery and for minimally invasive 
surgery with a laparoscopic viewer. The platform 
also allows a very high sensitivity in picking up the 
administered drug, thus giving the possibility to see in 

cases for the evaluation of the sentinel lymph node, 
and in 1 case the neoplastic infiltration margins were 
evaluated (Table I).

The Quest Spectrum platform allows simultaneous 
medical imaging, color and fluorescence in full HD. The 
importance of intraoperative imaging is continuously 
increasing: it is possible to have two different images 

 

Fig. 3a. Radial Foream Free Flap before ICG somministration. 
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Fig. 2. a) Radial foream free flap before ICG somministration. b) Radial Foream Free Flap after early ICG somministration. 
c) Radial foream free flap after late ICG somministration

 

Fig. 3b. Radial Foream Free Flap after early ICG somministration. 
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Fig. 3c. Radial Foream Free Flap after late ICG somministration. 
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In addition to neoplastic evaluation, other 
applications are:

lymph node mapping in breast cancer, melanoma 
and vulvar cancer;

identification of tumors: liver metastases, 
parathyroid adenoma, thyroid;

better highlight of vital structures: ureters, bile ducts;
perfusion in skin/free flap surgery, colorectal 

anastomosis, esophagectomy.

DISCUSSION

The use of intraoperative tracers for blood flow 
evaluation on the reconstruction flaps (free or 
pedunculated) (20-25), or neoplastic infiltration in 
the lymph node is well reported in the international 
literature (11, 13, 14, 19, 26, 27) with multiple multi-
specialty clinical experiences. To the best of our 
knowledge, a satisfactory vascularization represents 
a fundamental aspect to gain a success rate in the 
reconstructive surgery.

The main complications related to this kind of 
surgery derives from insufficient perfusion (18, 28) 
of the supporting vascular axis or of the peripheral 
microcirculation. In the area of   loco-regional 
pedunculated flaps, typical for head and neck, the main 
complications are due to a peripheral skin perfusion 
deficit not close to the supporting vascular axis. 

detail what the surgeon would otherwise not be able 
to see. It is also necessary to consider the versatility of 
the platform which can also still be on a support or be 
held in the hand by the operator as needed. 

The platform consists of a combination of lenses 
and a light ring which are used in open surgery. The 
field of view (FOV) at a distance of 20 cm is 11 cm 
horizontally with a resolution of 1080 pixels. The 
dedicated light source produces a highly optimized 
beam that allows high tissue penetration, thus 
showing the fluorescence even in depth. The light 
(VIS) is used for the visualization of the color while 
the near infrared (NIR) allows the excitation of the 
fluorescence. The light source is connected to the light 
ring or to the laparoscope. The configuration of the 
light source can be optimized according to the surgical 
situation. The “Quest Spectrum” is also equipped with 
a multimedia center that allows 2 Terabytes of data 
storage. The camera is triple signal and can record 
full HD color images in real time. The camera can be 
replaced by a laparoscope in the case of endoscopic 
or minimally invasive laparoscopic surgery. The 
platform is completed with an anchoring arm that 
allows to place the camera once the ideal position 
has been found. Its clinical applications are several, 
the most relevant could be the tumors identification 
and delineating their edges and making them visible 
through fluorescence using specific probes.

Figure 3c

Figure 4a Figura 4b

Figure 3c

Figure 4a Figura 4b

A B

Fig. 4. a-b) ALT Free Flap evaluation before the removal of the flap from the donor site
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for the more “distal” segment transposed to the 
neck. Above all, the latter evaluation is crucial to 
exclude partial compressive ischemic phenomena or 
hypoperfusion due to different pressure gradient.

To date, the surgeon can rely on various 
intraoperative and postoperative control instruments. 
At present, these are represented by SAT (supra-
aortic trunk) echo color Doppler for the lower and 
upper limbs (37-39); CT (computerized tomography) 
angiography (40-41) or MRI (magnet resonance 
imaging) for the lower limbs (42-45). There are also 
semiotic approaches such as the Allen method (for 
radial region) suitable for clinical study through a 
palpatory maneuver of the limb vascularization.

Nowadays, intraoperatively, the surgeon can 
only rely on the use of the electron microscope and 
magnifying glasses (loops) which, however, ignore 
the microsurgical performance. The only effective 
systems to control the vascularity and the venous 
discharge function of the reconstruction flap are 
represented by clinical and basic devices such as 
the puncture of the skin surface of the flap with a 
hypodermic needle (Figs. 1 and 2) and the use of the 
echo-doppler to verify the functioning of the micro-
arteriovenous pedicle. These systems represent 
the only control method even in the post-operative 
period. Considering this, the use of IG combined with 
image acquisition systems could represent a novelty 

In the field of microsurgery both in thoraco-
abdominal reconstructions and in head and neck 
reconstructions, the main complications derive either 
from a venous defect, or from hypoperfusion of the 
osteo-tum-cutaneous perforating arteries (29-31). 
Specifically, the three-dimensional defects typical of 
head and neck surgery are managed using composite 
flaps such as the osteo-myocutaneous flap of the fibula, 
or “chimeric” osteo-myo-cutaneous flap of the scapula. 
The vitality and survival of the cutaneous component of 
these flaps is completely linked to the perfusion of the 
small osteo-myocutaneous perforating arteries.

Concerning the gastroesophageal surgery, the 
greatest risk of surgical failure for gastric tubulation 
and for colon transposition, appears to be a reduced 
perfusion of the prepared organ (32-36). This 
complication can occur more frequently in the plastic 
of colon esophagus because the vascularization 
is based on a single vessel, the left colonic artery, 
which is rotated at the origin. Furthermore, the more 
proximal districts are perfused exclusively through 
the patency and continuity of the marginal arch. The 
major problem of a flap hypoperfusion can result in a 
dehiscence of the anastomosis. This complication can 
lead to very severe consequences such as mediastinitis 
burdened by a high mortality. 

In our experience, a correct perfusion has been 
reached for the organ prepared in the abdomen and 

Figure 5a Figura 5b

     

Figure 5a Figura 5b

     

A B

Fig. 5. a-b) ALT free flap evaluation after the insetting of the flap
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to prepare a flap of skin and platysma (which is not 
required with gamma cameras for radio-isotopes). 

Indiocyanin Green has been widely used in the 
medical field since 1957 to measure kidney and liver 
function, for retinal angiography, to evaluate cardiac 
output. Indocyanine Green (ICG) is a dye, fluorescent 
under near-infrared LED light (NIR), stable in the 
blood, which is not metabolized and which binds to 
plasma macro-molecules (albumin, α1 lipoproteins). 
It is eliminated very quickly from the liver via the bile 
(half-life 150-180 seconds; 95% is cleared from the 
bloodstream in 15 minutes). Its use in sentinel lymph 
node research dates back to Kitai for breast cancer 
(11). It was subsequently used successfully for gastric, 
gynecological, esophageal, lung and skin cancers. To 
date, however, there are only a few works regarding 
the head and neck area with insufficient numbers (13).

Our clinical experience has shown that uptake 
systems appear to be sensitive in identifying 
pathological lymph nodes. At the same time, the 
systems that were sensitive showed no false positive 
lymph nodes. Furthermore, the clinical results described 
in the literature have been confirmed by our clinical 
experience. It should be noted that at the moment, the 
major flaw of the image acquisition systems used up 
to now is the absence of a numerical parameter that 
allows an objective and comparative evaluation of 
blood flow. The perfusion time has been hypothesized 
as an evaluation parameter, but at present, it cannot 
be considered as it is heavily influenced by systemic 
variables, such as cardiac output or, for example, the site 
of administration. At present it is therefore conceivable 
that the future evolution of these systems will have to 
be based on the identification of this parameter in order 
to be able to identify vascular risk score or neoplastic 
infiltration risk score.

Although this experience is based on a number 
of cases with an insignificant statistical importance, 
it represents one of the first true multidisciplinary 
and multiple area experiences currently in the 
literature. In light of the results that emerged 
from this experimental pilot study and despite an 
enlarged sample of patients necessary to objectify 
the results obtained, the use of green indocyanine 
as an intraoperative tracer seems to be valid both in 
reconstructive surgery and in cancer surgery.

and an interesting new option for the surgeon. Our 
multidisciplinary experimental clinical experience 
has shown that these image acquisition systems can 
effectively ensure a proper visualization of the vascular 
anatomy of the investigated flaps. Furthermore, these 
systems have shown to be effective in visualizing both 
the main vascular pedicle, the secondary perforating 
vessels and the cutaneous microcirculation. The use 
of these systems could therefore represent a useful aid 
for the surgeon both in the preoperative, intraoperative 
and postoperative phases.

The recognition of lymph nodes with 
micrometastases (cN0 or pN1) could be facilitated by 
a new imaging method or by the application of the 
sentinel lymph node concept also in the treatment of 
oral carcinomas. The sentinel lymph node technique 
is based on the assumption that some types of cancer 
cells spread in a predictable way: first to a regional 
lymph node called sentinel (46-51) and later to others. 
According to this evidence, if no tumor cells are found 
in the sentinel lymph node, there is a high probability 
that the tumor has not spread to the downstream areas.

In clinical practice, the removal of the sentinel 
lymph node alone would be a much less invasive 
procedure than elective laterocervical emptying. A 
second diagnostic objective would be the validation 
of a more sensitive and specific method in identifying 
occult laterocervical metastases compared to 
normal imaging techniques such as CT, MRI, PET 
CT (positron emission tomography) or ECO FNA 
(ecography fine needle aspiration).

Historically, most used tracers are radioactive 
markers and methylene blue (52-56). Radioisotopes 
have limited availability; their use requires special 
equipment, dedicated facility, and a nuclear doctor 
and may also involve risks for the patient. On the 
other hand, the classic ethylene blue is less sensitive 
and requires surgical exposure of the lymph nodes.

For the above reasons, the use of fluorescent 
imaging techniques with markers such as indocyanine 
green could be an alternative (57-60). ICG has lower 
costs than nuclear drugs and requires less expensive 
instruments (61). The chamber with the detector 
captures the fluorescence at a maximum depth of 
5-8 mm. By applying this technique to the lymph 
node emptying of the neck, it is therefore necessary 

R. NOCINI ET AL.
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Orthodontic retention can be defined as the 
maintenance of the teeth in their ideal position from 
an aesthetic and functional point of view: the purpose 
of the retainers is therefore to counteract the tendency 
of the teeth to return to their previous position (1). The 
choice of the type of retention must be individualized 
and must take into account: the severity of the initial 
malocclusion, the quality of the result achieved with 
the treatment, anatomical-functional characteristics, 
age, needs and collaboration of the patient (2). 
Orthodontic retainers can be accompanied by some 
surgical, gnathological and myofunctional procedures 
aimed at eliminating or controlling some etiological 
factors that may be present (3). Since numerous 
orthodontic retainers have been identified in the 
literature, the aim of this work is to illustrate them and 
their main characteristics to help the clinician in their 
daily practice.

MATERIALS AND METHODS

For this study we proceeded with a research of the 
abstracts concerning this topic from the scientific archive 
“Pubmed” using terms relating to orthodontic retainers 
such as ‘orthodontic retainer’, ‘orthodontic retention’ 
and ‘orthodontic relapse’. Forty articles were selected. In 
addition, 4 textbooks related to this topic have also been 
consulted.
 

RESULTS

Seven fixed retainers were identified: multi-
stranded wire retainer; thick wire retainer; fiber 
reinforced composites retainer (FRC); palatal/lingual 
arch; retainer with pontic; fixed prosthesis; space 
maintainer. 10 removable retainers were identified: 
Hawley retainer; Begg retainer; Schwarz appliance; 

Key words: orthodontic retention, orthodontic retainers, orthodontic relapse, fixed retainers, removable retainers.

Orthodontic retention is the maintenance of the teeth in their ideal position from an aesthetic and 
functional point of view. The aim of this work is to illustrate the different orthodontic retainers. For 
this study we proceeded with a research of the abstract concerning this topic from the scientific archive 
“Pubmed” using terms relating to orthodontic retainers: 40 articles were selected from the research. In 
addition, 4 textbooks related to this topic have also been consulted. 7 fixed and 10 removable retainers have 
been identified. The most used retainers are the bonded ones for the lower arch and the Hawley and/or 
vacuum-formed ones for the upper one. Although numerous studies relating to orthodontic retention have 
been performed, there is no definitive evidence to identify the best type of orthodontic retainer.
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17). Fixed prosthesis is used if one or more teeth are 
missing or to stabilize periodontally compromised 
teeth (18-25). Space maintainer is an orthodontic band 
to which a 0.9 mm diameter steel wire or a pontic is 
welded and it is used to prevent the mesialization of 
the tooth on which the band is cemented (13).

Regarding the removable appliance, Hawley 
retainer is the most common retainer, especially in the 
maxillary arch. The upper Hawley retainer consists 
of: an acrylic palatal cover; Adams’ clasps on the 
upper first molars; a “U” loop labial bow, usually 
spanning from canine to canine. There are variants 
of this orthodontic appliance: for example, the labial 
bow can be welded to Adams’ clasps or extended to 
the premolars to keep the spaces closed in patients 
who have undergone extractions. In addition, a bite 
plane lingual to the upper incisors can be added to 
this appliance, on which there is a slight contact of the 
lower incisors, which serves to maintain an adequate 
overbite and to avoid deep bite relapse (26-35). The 
Begg retainer differs from the Hawley retainer due to 
the fact that Adams’ clasps are absent and the labial 
bow extends to the last molar in the arch and then it 
is incorporated into the acrylic that covers the palate. 
These characteristics permit a better settling of the 
occlusion and a lower risk of reopening the space 
between canine and premolar (36). The Schwarz 
appliance is a removable appliance consisting of 
an acrylic palatal cover, two Adams’ clasps (or ball 
clasps) and a metallic or acrylic labial bow. It allows 
maintaining the sagittal and transversal dimensions of 
the dental arches (13). The Van der Linden retainer is 
an acrylic appliance for the upper arch with a labial 
bow (0.028 inch diameter stainless steel wire), passing 
between lateral incisor and canine, and “C” clasps 
that surround for three quarters the last molar in the 
arch. The acrylic palatal cover contacts the anterior 
teeth maintaining them in position, while material is 
removed at the level of the posterior teeth allowing the 
settling of the occlusion (37). VFR is a removable and 
clear appliance that is manufactured using a vacuum 
machine, which adapts heat-softened plastic to a cast 
by negative pressure. It is thin (0.5-1.5 mm) so as 
not to interfere too much with the occlusion. It can 
be used for orthodontic finishing, it is well tolerated 
by the patient for its transparency and can support 

Van der Linden retainer; vacuum-formed retainer 
(VFR); wraparound retainer; positioner; acetal ferula; 
Crozat removable appliance; Osamu retainer.

DISCUSSION

Multi-stranded wire retainer is an appliance made 
of multiple twisted-stranded stainless steel wires. 
It is bonded to the lingual surface of each tooth of 
the mandibular anterior sextant. At the level of the 
upper arch, however, it is less used for a greater 
risk of detachment due to masticatory trauma. The 
twisted wire offers a better mechanical retention of 
the composite than the other types of wire. Moreover, 
this retainer allows the physiological tooth mobility 
thanks to its elastic properties. Then it is essential that 
the wire is completely passive to avoid the onset of 
undesired movements of the teeth (4-6). Thick wire 
retainer is a stainless steel wire of variable diameter 
(usually .028, .030 or 0.32 inch) with a loop bent at 
each end that is bonded to the lingual surface of the 
lower canines. This retainer effectively maintains the 
intercanine width; furthermore, it prevents the lingual 
tipping of the lower incisors, but it hardly controls 
their rotations (7, 8). FRC is a glass fiber reinforced 
resin or polyethylene strip that is bonded to the lingual 
or palatal surfaces of the anterior teeth (from canine to 
canine). Its advantages are: transparency, aesthetics, 
ease of modeling, reduced plaque accumulation, 
comfort and reduced mechanical stress. Initially, 
the main disadvantage of this retainer was the 
stiffness, which determined a greater risk of failure 
than the multi-stranded wire retainer (51% vs 12%): 
however, the current mechanical characteristics have 
significantly reduced the difference in reliability 
between the two appliances (9-11). Palatal/lingual 
arch consists of a stainless steel wire with a diameter 
of 0.9 mm, welded to the bands. It is mainly used in 
the lower arch; it is useful to avoid changes in length 
or width of the arch and to prevent tooth rotations. 
Retainer with pontic is a metallic appliance, created 
in the dental laboratory, which is bonded to the palatal 
or lingual surface of the anterior teeth in patients with 
periodontitis or who have undergone important tooth 
movements on the vertical and sagittal plane. It can 
have pontics in case the patient lacks some teeth (12-

P. FACCIONI ET AL.
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slightly active appliance if designed on set-up (43). 
Crozat removable appliance is an appliance made 
entirely of metal alloy consisting of a transverse bar, 
two Jackson clasps, two lingual arms that generally 
extend from the first molar to the first premolar and 
from additional elements that serve to maintain the 
space. It has less encumbrance and wear compared to 
the acrylic retainers and it is extremely precise (44-45). 
Osamu retainer is a thermoformed appliance made up 
of two superimposed layers: the inner layer is made 
of ethylene-vinyl acetate copolymer (thickness: 1.5 
mm), it adapts to the interproximal areas and it covers 
the palatal and lingual surfaces of the teeth; the outer 
one is made of rigid elastic polycarbonate (thickness: 
0.75 mm) and it covers the occlusal surfaces. This 
retainer is transparent, cheap, simple to build, thin and 
robust at the same time. It also allows to correct slight 
dental malpositions (46).

Fixed retention has the following advantages 
compared to the removable one: maximum efficacy, 
minimum encumbrance, good aesthetics, unnecessary 
patient compliance. The disadvantages are: 
impossibility of grading the use; impossibility to apply 
additional forces; difficulty in determining the time of 
removal; greater difficulty in maintaining an accurate 
oral hygiene; impediment of physiological occlusal 
settling (2). The most used retention appliances are 
the bonded retainer, the Hawley retainer and the 
vacuum-formed retainer (47). Currently, at the level 
of the mandibular arch, the multi-stranded wire 
retainer bonded to the anterior sextant is preferred to 
the other fixed and mobile appliances as it seems to 
have a greater effectiveness in maintaining the dental 
alignment (48-51). If a removable appliance is used 
for retention of the lower teeth, the vacuum-formed 
retainer appears to be slightly more performing than 
the Hawley one (52-55). The latter two appliances are 
the most chosen by orthodontists to avoid undesired 
movements of maxillary teeth: in general, their 
effectiveness is comparable (56), but patients prefer 
the vacuum-formed oens for their transparency and 
greater comfort (57-59). Regarding the effects on 
periodontal tissues, fixed retainers, especially the 
fiber reinforced composites ones, favor more plaque 
and tartar retention than mobile appliances (60). 
With regard to the survival of fixed retainers, fiber-

the home bleaching gels. However, it needs to be 
replaced periodically as it can deteriorate. Examples 
of VFRs include Invisalign® and Essix®. The Damon 
Splint is an appliance consisting of an upper and 
a lower Essix® connected to each other: in addition 
to acting as a retainer, it is also useful to rebalance 
any nighttime respiratory dysfunctions (38-41). 
Wraparound retainer consists of an acrylic structure, 
usually reinforced by a stainless steel wire, along the 
labial and lingual surfaces of the teeth of the entire 
arch. However, it shows disadvantages: it holds the 
teeth too firmly in place, not allowing the periodontal 
ligament to reorganize and it is less comfortable and 
less effective in maintaining overbite correction than 
the Hawley retainer. A variant of the wraparound 
retainer is the clip retainer or spring retainer: it 
consists of a stainless steel wire with a diameter of 
0.9 mm adherent to the dental cervix of canines and 
covered with resin at the labial and lingual surfaces 
of the incisors. It is very effective in preventing 
relapse of crowding of the inferior anterior teeth. 
Moore retainer is a canine-to-canine clip retainer that 
extends distally on the lingual surface to the central 
groove of the first molar. It can be indicated in case of: 
treatment that involves the lower premolars extraction 
because it allows a good control of the closed space; 
misalignment of posterior teeth prior to orthodontic 
therapy (6). Positioner is a flexible horseshoe-shaped 
appliance that simultaneously incorporates the two 
arches, exceeding the neck of the teeth by 2-3 mm; 
it has breathing holes in the labial surface. It is an 
appliance that can be used both for the finishing and 
for the retention. The main advantage is to effectively 
maintain both the occlusal relationship and the tooth 
position. The major disadvantage is the difficulty in 
wearing it: in fact, this appliance should be worn for 
4-6 weeks throughout the night and as much as possible 
during the day; subsequently it can be worn only at 
night for an unlimited period of time. It is indicated 
in highly compliant patients, with vicious oral habits 
or when the fixed appliance must be removed before 
the end of the treatment (42). The acetal ferula is an 
acetal resin strip that surrounds the teeth involved 
in the retention. It can be complete or partial; it is 
characterized by a good aesthetics. Furthermore, it has 
a high elastic memory and can be used as a passive or 
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reinforced resin retainers have failure rates (fracture 
and detachment) now comparable to the metallic wire 
ones because their mechanical properties have been 
improved and their bonding occurs under rubber 
dam isolation (61-62). The detachment of the fiber-
reinforced resin retainer occurs mainly due to the 
failure of adhesion at the level of the composite-
enamel interface, while instead the metallic wire 
retainer detaches because the retention at the 
composite-retainer interface is lost (63). On the other 
hand, removable appliances, if compared to each 
other, do not seem to have large differences in survival 
time; lower Hawley and vacuum-formed retainers 
tend to break more easily than the upper ones because 
of their thinner thicknesses (64). Although numerous 
studies regarding orthodontic retainers have been 
performed, there is no evidence to provide definitive 
recommendations on retention procedures after fixed 
orthodontic treatment (65).

The most used retainers are the bonded retainer for 
the lower arch and the Hawley and/or vacuum-formed 
retainer for the upper one, but there is no definitive 
evidence to identify the best type of orthodontic 
retainer.
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Any orthodontic treatment causes several 
changes in the soft tissues, with a consequent 
significant aesthetic impact (1). To successfully meet 
expectations on facial aesthetics it is important to 
understand the impact of orthodontic treatment on it. 
Studies on craniofacial growth and facial aesthetics 
typically evaluate soft tissues using cephalometrics, 
with consequent limitations related to the difficulty 
in correctly reproducing the “Natural Head Position” 
and in assessing the real labial and incisal prominence 
and detailed reproduction of the soft tissues (2). In 
order to completely evaluate the aesthetics of the 
face, it is possible to use anthropometry, templates, 
photographs, videos, 3D reconstructions, lasers and 
optical surface scanning (3-23). 

Photographs are easier to use than anthropometric 
analyses, allowing also to analyze larger areas and 

more details than the templates, with lower costs 
compared to three-dimensional and laser analysis 
and avoiding patient exposure to radiation, contrary 
to what happens with teleradiographs from which 
cephalometries are extrapolated (24-37). Photometric 
analysis therefore represents an effective, reliable 
and cheap system for the analysis of the craniofacial 
morphology in face profile (38).

The aim of this work was to carry out an 
overview of the literature to analyze the state of the 
art regarding aesthetic analysis on photos to draw 
useful conclusions for clinical practice.

MATERIALS AND METHODS

An initial research of the abstracts was carried 
out through the scientific archives “PubMed” and 

Photometric analysis is a facial aesthetics evaluation method which is useful for diagnosis and treatment 
planning. This system is increasingly applied since there is growing attention to aesthetic improvement and 
occlusal correction as objectives of orthodontic treatment. Ten articles regarding aesthetic analysis on photos 
were identified through scientific archives and analysed. The diagnostic rationale, the scientific reliability 
and the methods used were identified to help clinicians in their practice. Photometric analysis represents 
an effective, reliable and cheap system for the analysis of craniofacial morphology of the face profile. This 
analysis can be achieved in subjective or objective ways; the latter modality provides greater reproducibility 
of the results as well as a good assessment of the harmony between the external craniofacial structures, 
including soft tissue contribution; it also provides repeatable and reliable measurements, thus enabling a 
rapid acquisition of the facial image, with long-term durability. Through facial profile photometric analysis 
it is possible to obtain proportionality, angular and linear measurements. These measures are useful as 
parameters for an optimal definition of the conditions of normality, harmony and profile balance.
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*Corresponding Author:
Valentina Brun, 
Section of Oral and Maxillofacial Surgery,
Department of Surgical Sciences, Dentistry, Gynecology and Pediatrics,
University of Verona, Verona, Italy
e-mail: valentinabrun94@gmail.com

An overview of photometric analysis to evaluate aesthetics in orthodontic patients

P. Faccioni, U. Luciano, V. Brun*, M. Marchiori, S. Sinigaglia, N. Zerman, N. Modena,  
A. Poscolere, M. Magi, T. Zambotti, C. Alberti, D. Donadello, M. Zarantonello, A. Iurlaro, 

D. Giuliani, A. Cominziolli, F. Balliu and D. De Santis1

Section of Oral and Maxillofacial Surgery, Department of Surgical Sciences, Dentistry, Gynecology 
and Pediatrics, University of Verona, Verona, Italy



18 (S1)

Photometric analysis techniques have been 
proposed in order to obtain an objective and 
biologically and economically advantageous 
evaluation of the facial aesthetics. In fact, photographs 
provide a good assessment of the harmony between 
external craniofacial structures, including the 
contribution of soft tissues. Furthermore, they 
provide reliable measurements which, thanks to the 
almost zero invasiveness, can be repeated during the 
intermediate stages of treatment, in order to monitor 
its progression (45-48).

Through the facial profile photometric analysis, 
it is possible to obtain proportionality, angular and 
linear measurements, useful as parameters for an 
optimal definition of normality, harmony and balance 
profile conditions (49.) Various studies have attempted 
to identify the facial features that account for the 
pleasantness of a face: some classified facial profiles 
through subjective analysis of the photographs, others 
studied some structural features that can influence 
profile aesthetic (50-53).

Fortes et al. conducted a study in order to identify 
which linear, angular and proportional measures could 
be considered decisive in influencing the pleasantness 
of the profile. After a preliminary evaluation by 
specialists (plastic surgeons and orthodontists) and 
common people of 150 standardized photographs of 
the facial profile, classified as “pleasant”, “acceptable” 
or “unpleasant”, and the selection of the 15 best and 
15 worst profiles of the sample, the photographs were 
scanned using AutoCAD software. Linear, angular 
and proportional measurements were performed 
on this scan: they showed a statistically significant 
difference between pleasant and unpleasant profiles 
(54).

Once again, Marchiori et al. tried to correlate 
the cephalometric measurements of the nasolabial 
angle, of the Holdaway H line and of the distance 
between the H line and the tip of the nose, in order 
to overcome a purely subjective assessment of the 
face profile and to obtain quantitative and statistically 
relevant data. These measurements were taken on 
the profile photographs of a sample of 50 subjects 
(25 males and 25 females, aged between 17 and 
24), with the subjective evaluations of a group 
of common people and orthodontists. From what 

“Cochrane Library” and the “full text articles” were 
downloaded in PDF. The following search terms 
were selected: “photometric analysis”, “photographic 
analysis”, “aesthetic analysis” or “soft tissue profile”. 
The research was limited to the international 
bibliography in English from 2000 to 2018. From 
the numerous articles found, only those of major 
scientific rigor were selected for a total of 10 articles. 
This allowed to deepen the knowledge present in the 
literature and to draw some conclusions regarding 
photographic analysis of facial soft tissue profile.

RESULTS

As observed by Li and Qian, orthodontic treatments 
produce changes in the soft tissues, with a consequent 
significant aesthetic impact (1). Many studies have used 
a subjective evaluation system for analyzing profile 
aesthetics and changes induced by orthodontic treatment; 
in particular, Sukhia et al. took into consideration the soft 
tissue changes resulting from orthodontic treatment by 
comparing the aesthetic preferences of orthodontists, 
patients and parents at the beginning and the end of the 
treatment (39). Similarly, but using a group of external 
evaluators that included students of art and dentistry 
alongside the parents of the patients, O’Neill et al. sought 
to determine the profilometric improvements produced 
by functional treatment in patients with class II division 
1 malocclusion; however, no differences were found 
between the treated patients and the control group (40). 
Therefore, it is clear that a purely subjective assessment 
shows significant limits in terms of the possibility of 
quantification and reproducibility of the observations, 
as well as their statistical significance. Since these limits 
affect the diagnosis and the treatment planning, the use 
of photo-retouching programs has been proposed in 
order to visualize the potential aesthetic improvement 
obtainable thanks to different orthodontic treatments 
(41-44). However, these are still purely subjective 
evaluations, which do not allow a “quantification” of 
aesthetic improvements. Although the photographs 
are much closer to the real appearance of the face than 
the radiographs, it emerges that it is necessary to use 
techniques for the quantitative measurement of the facial 
structures in order to obtain an objective assessment of 
the characteristics of the patients’ profiles.
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profile has historically been considered purely 
practical, more functional to a general clinical setting 
rather than to an effective diagnostic purpose, it 
is an essential tool for diagnosis and orthodontic 
planning. Indeed, it represents an effective, reliable 
and economic tool, which provides some advantages 
compared to conventional cephalometry, including 
the possibility of correctly reproducing the “Natural 
Head Position”, of evaluating the real lip and incisal 
prominence and of reproducing the soft tissues 
in detail. The use of objective tools also ensures 
predictable and statistically significant results, thus 
allowing the advantages of the two types of images, 
radiographic and photographic, to be combined.
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In our contemporary society, the dental 
professional needs to balance the best possible 
approach for the specific patient with his/her 
requirements and expectations, the latter being 
influenced by different socio-cultural and economic 
factors. Among these elements, the symptom of  pain 
is particularly relevant, conceptualised in the dual 
paradigm “pain-avoidance versus reward-seeking” 
(1): if pain, or the expectation of it, comes between 
an individual and reaching a goal, the number of 
people who put their achievement above pain is 
lower than those who delay or completely abandon 
that achievement, proportionally to the expected or 
felt pain intensity and the determination in reaching 
the goal itself.

Nowadays, this model needs to be correlated 
to how the sociological concept of physical and 
psychological pain has changed, in accordance 

with Illich’s view in 1976. Traditionally, pain was 
interpreted as an essential component of existence, 
being part of both life and death; in the 21st century, 
with the development of the cosmopolitan culture, 
the above-mentioned element has progressively 
disappeared. Indeed, pain is now identified as the 
failure of the modern socio-economic system, 
implying its alienation from social existence, as well 
as from the individual daily life, and thus legitimating 
the avoidance of pain in all its forms as a social goal 
(2-5), rather than an individual choice. Consequently, 
the new millennium has brought a wide offer of 
ancillary drug therapies in the medical and dental 
sector, based on the large demand from patients, 
also paediatric (6); however, these treatments have 
not been accompanied by an equal offer of adjuvant 
psychological therapies, thus allowing the patient to 
avoid pain, rather than dealing with it.

Nowadays, the best possible approach in respect to the patient is that tailored on the “person”, intended 
as the result of the balance between the patient’s requirements and expectations, the latter being influenced 
by contemporary society’s over-information without a proper preparation. It is therefore possible to obtain 
an efficient and effective treatment by recovering the doctor-patient relationship, which is fundamental 
to guarantee the respect of the therapist’s pragmatic and common-sense guidance whilst satisfying the 
patient’s needs. The reported case serves as an example of this choice, combining the psychological support 
with a valuable minimally invasive surgical implant-prosthetic rehabilitation.
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the implants - with the related differed implant stumps 
- in positions 1.5-1.4-2.2, to support a removable full 
denture, anchored to the aforementioned elements 
through conometric attachments (26). Occlusal 
elevations on dental elements 4.5-4.4-3.4-3.5 were 
necessarily combined with the outlined therapeutic 
project to rebalance the curve of Spee (27). Moreover, 
upon the patient’s request, it was agreed to preserve 
the dental element 4.8 and the implant element 1.2 
after conservative treatment; however, the patient 
was informed concerning the uselessness of element 
4.8 in terms of chewing. Regarding this, the final 
mesial odontoplasty of element 4.8 is expected, 
as well as the impossibility to use element 1.2 for 
prosthetic purpose, due to the fracture of a portion of 
the implant margin that makes any load unbearable. 

MATERIALS AND METHODS

The preparation of the patient’s case consisted in 
taking initial pictures, realising study models, conducting a 
preliminary radiographic analysis of the bone availability, 
to measure the implant length and diameter in advance, 
and carrying out preliminary occlusal analysis, to obtain a 
pre-surgical guide indicating the prosthetic ideal inclination 
(Figs. 1, 2, 3).

Firstly, a professional oral hygiene session and dental 
element 2.3 conservative restoration in composite resin – 
exploiting the existing pivot - were performed. Then, the 
said element was subjected to the sub-gingival preparation 
with feather edge margin and covered with a conometric 
primary prosthetic work made in Chromium-Cobalt 
alloy. Furthermore, the pre-existing conometric primary 
prosthetic works on dental elements 1.6-2.4 were polished. 
Thereafter, the pre-existing mobile prosthesis was set up 
as a provisional prosthesis, temporarily anchored to the 
solely “ball attachment” on the previous implant 1.2. This 
procedure was feasible upon condition of stabilising the 
mentioned on-site attachment with cyanoacrylate, with 
the aim of impeding its rotation, which would otherwise 
cause the disinsertion from the implant due to fracture 
in the mesial margin of the peri-implant collar initially 
encountered.

Secondly, after a few weeks, the first surgery phase 
was initiated by preparing the patient through an 
ancillary psychological pre-surgical treatment in the hour 

The combination of the above-described aspects 
with the recent economic and ethno-demographic 
changes, which have determined a general 
impoverishment of the population (7), drives the 
patient to prefer minimally invasive, quick, and less 
painful procedures, which are more respectful of the 
patient’s approach to the pain (8).

Corroborating the above-mentioned elements, 
which are all part of the same extremely complex and 
heterogeneous social framework, the identification of 
a common goal between the clinician and the patient 
is fundamental and crucial for the success of the 
treatment in the dentist’s daily practice. This shared 
objective allows to reach the right balance between 
the treatment’s invasiveness, its suitability in respect to 
the clinical circumstance, and the emotional-economic 
impact the patient is willing to handle (9-12).

In this perspective, the reported case reprises the 
need for an implant-prosthetic rehabilitation that is in 
line with the patient’s scarce propensity to undergo 
invasive and/or lengthy procedures, nonetheless 
guaranteeing the appropriate clinical value (13-17) of 
the cutting-edge treatment (18), which is supported 
by the scientific community (19-24).

The case takes into consideration the treatment 
of a male adult patient (48 years old) with a negative 
medical history, but with a limited propensity 
towards dental treatments due to previous regrettable 
experiences. The said patient consequently required 
a minimally invasive approach that avoided any kind 
of exodontic surgery, thus preserving the existing 
dental elements and strictly precluding any form of 
bone regenerative surgery, expansive or appositive, 
vertical or horizontal.

Following the oral cavity physical examination, 
studying the case by analysing the gypso and 
radiographic documentation – the latter including 
maxillary computed tomography – permitted 
to develop a minimally invasive planning. This 
procedure was obtained by implementing cutting-
edge technologies (11), techniques (13-17) and 
materials (25) and has been validated by the 
scientific community (19-22), linked to a pragmatic 
clinical “common-sense”. The patient’s oral cavity 
rehabilitation therefore consisted in maintaining the 
dental stumps in positions 1.6-2.3-2.4 and inserting 

G. ZANOTTI ET AL.



(S1) 25Journal of Biological Regulators & Homeostatic Agents

(Articaine 4% + adrenaline 1/200,000). Following these 
steps, an oblique incision with tissue decollement was 
made at the vestibular para-crestal level, with a mid-thick 
incision at vestibular level and a full-thick incision at the 
palatal level (scalpel # 12C). The total bone exposition 
allowed to carry out the explorative milling at 5 mm with 
a lanceolate cutter (1.9 mm diameter) at the sites 2.2, 1.4 
and 1.5, following the presurgical guide dictates. After 
checking the bone density (D3 Misch classification) (28), 
the first milling at 5 mm was performed (2.2 mm diameter) 
by using an implant probe, always keeping the pre-surgical 
guide, which was then removed to complete the milling by 
following the obtained inclination up to 13 mm.

A second milling for 3 mm (2.8mm diameter) was 
subsequently performed, to avoid an excessive bone 
pressure during the insertion of the implant element. Three 
implants were inserted (Titanium 5 HRS surface) with a 
diameter of 2.9 mm and length of 12 mm up to 2 mm 
under the bony crest, to favour the prosthetic aesthetics 
(25). After inserting the screw tap on each implant 
element, a check-up orthopantomography was carried out 
to verify the quality of the procedure (Figs. 4, 5). The site 
was then accurately sutured by executing a closing flap 
through single intra-papillary stitches in positions 1.6-
2.3 and a crossed horizontal mattress suture between the 
vestibular and palatal portions. The suture in vestibular 
para-crestal position obtained from the initial incision is 
therefore exploited, such that, due to the lateral position 
of the incision - thus the suture - in respect to the insertion 
site (glycolic/lactic acid absorbable suture), a decreased 
risk of implant stump infection is expected. Finally, the 
temporary total prosthesis was rebased with a soft silicon, 
to allow the smallest load possible on the surgical site.

The patient was then discharged, after being provided 
with bactericidal and anti-inflammatory antibiotic 
pharmacological indications (amoxicillin with clavulanic 
acid 1 g every 8 hours for 6 days, and paracetamol with 

beforehand to help him deal with the procedure, and a 
supportive drug treatment through the administration 
of 20 drops of Diazepam just before the surgery. The 
patient was then seated and prepared in accordance with 
the traditional health and hygiene norms to guarantee the 
maximum sterility.

Initially, perioral skin disinfection (povidone iodine 
10%) was performed combined with Vaseline to moisten the 
tissues. The gingival surface was then treated with a topical 
anaesthetic (Lidocaine + cetrimonium bromide 15%) and, 
afterwards, the peripheral anaesthesia was inoculated at the 
vestibular fornix micro-circulation and the palatal levels 

 
 

 Fig. 1. Implant-prosthetic project by cone beam computer tomography 
 

Fig. 1. Implant-prosthetic project by cone beam computer 
tomography

 
 

Fig. 2. Previous removable prothesis 
 

Fig. 2. Previous removable prothesis

 
 

Fig. 3. Pre-implant surgery orthopantomography 
 

Fig. 3. Pre-implant surgery orthopantomography

Fig. 4. Implant 2.9mm diameter
 

 
Fig. 4. Implant 2.9mm diameter 
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Three months after surgery, the final radiographic 
control was performed to assess the full osseointegration of 
the implant elements. The positive outcome of this check-
up authorised to proceed with the second surgical phase 
of re-opening, with the aim of initiating the prosthetic 
rehabilitation. The patient was then prepared once more 
with an ancillary psychological pre-surgical therapy and 
a drug treatment, identical to that described previously. 
The patient was seated and prepared in accordance with 
the traditional health and hygiene norms to guarantee the 
maximum sterility, as already reported.

Initially, the perioral skin disinfection (povidone iodine 
10%) was performed, combined with Vaseline to moisten 
the tissues. The gingival surface was then treated with a 
topical anaesthetic (Lidocaine + cetrimonium bromide 15%) 
and, afterwards, the peripheral anaesthesia was inoculated 
at the vestibular fornix micro-circulation and the palatal 
levels (Articaine 4% + adrenaline 1/200,000). Following 
these steps, an oblique incision with tissue decollement was 
executed at the vestibular para-crestal level, with a mid-
thick incision at vestibular level and a full-thick incision 
at palatal level (scalpel # 12C). The total bone exposure 
allowed the immediate display of the implant elements’ 
peri-implant collar in positions 2.2, 1.4 and 1.5.

The implemented approach consisted in immediately 
utilising the intermediate supports for screwing the 
conometric stumps, thus avoiding the usage of healing 
screws. On site 1.5, a support with a 7.5° angle and 5 mm 
in length was employed, on site 1.4, a 5 mm length support 
with a 15° angle and on-site 2.2, a 7 mm length straight 
support. Finally, primary conometrics were tightened in 
all sites, with a 3.3 mm diameter, a 4.3 mm height and 
a 5°angle. Following an additional orthopantomography 
check-up to verify the correct insertion with of the 
conometric stumps’ intermediate supports in the implant 
elements, the site was accurately sutured (Figs. 6, 7, 8, 
9). As in the previous intervention, the suture consisted 
in executing a closing flap through single intra-papillary 
stitches in positions 1.6-2.3 and a crossed horizontal 
mattress suture between the vestibular and palatal portions. 
The suture in palatal para-crestal position obtained from 
the initial incision was therefore exploited, expecting 
an increase in the thickness of the vestibular attached 
gingiva and a concurrent soft tissue guide towards a 
recovery suitable for the conometric stumps’ intermediate 
supports (glycolic/lactic acid absorbable suture). Finally, 

codeine 500mg + 30mg when needed), combined with 
post-surgery indications. A thorough hygiene and a soft 
diet for the first month were also recommended to the 
patient. After two weeks, the suture was removed, and the 
patient had to undergo monthly radiographic checks with 
hygiene for three months.

Fig. 5. Post-implant surgery orthopantomography  
 

Fig. 5. Post-implant surgery orthopantomography 
 

Fig. 6. Mucosa during implant activation
 

 
Fig. 6. Mucosa during implant activation 
 

Fig. 7. Intermediate supports for screwing the conometric 
primary stumps.

 
Fig. 7. Intermediate supports for screwing the conometric primary stumps. 
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24 hours for three days, and paracetamol with codeine 
500mg + 30mg when needed), combined with post-surgery 
indications. After two weeks, the suture was removed to 
proceed with the development of the permanent mobile 
total prosthesis. A first polysulfide precision impression 
was performed in relation to pictures of the patient’s face 
and smile, starting from the previously-made individual 
spoon. By placing wax rims on the temporary flange, it 
was possible to identify the vertical dimension, assure 
the correct occlusion “key” through a precise mastication 
on auxiliary dedicated wax and point out the interdental 
midline related to the nose tip and the chin (Figs. 10, 11). 
Finally, the teeth trial - anterior aesthetic first, posterior 
functional after - was conducted, accompanied with the 
concurrent development of composite resin occlusal 
elevations on dental elements 3.4-3.5-4.4-4.5 to balance 
the mastication and improve the patient’s curve of Spee 
(27). During the same session, the phonetic trial was 
also carried out, combined with an additional aesthetic 
evaluation by a relative.

The final step consisted in incorporating three 
secondary conometric crowns of alloy (Chromium-Cobalt) 

the temporary total prosthesis was rearranged to allow its 
permanent usage while keeping the already mentioned 
supports and the related stumps.

The patient was discharged, after being provided 
with bacteriostatic and anti-inflammatory antibiotic 
pharmacological indications (azithromycin 500 mg every 

Fig. 8. Orthopantomography after intermediate supports 
for screwing the conometric primary stump insertions

 
Fig. 8. Orthopantomography after intermediate supports for screwing the conometric primary 

stump insertions 

 

Fig. 11. Structure - vertical dimension - chewing test

Fig. 9. The conometric primary stumps  
Fig. 9. The conometric primary stumps 

 

Fig. 10. Accurate impression in order to achieve 
removable prothesis

 
Fig. 10. Accurate impression in order to achieve removable prothesis 

 

Fig. 12. Peek® secondary conometric crowns  
Fig. 12. Peek® secondary conometric crowns 

 

 
Fig. 11. Structure - vertical dimension - chewing test 
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to the prosthesis, which had been calibrated on the three 
primary conometric crowns on elements 1.6-2.3-2.4 and 
consolidated to a supporting base of alloy (Chromium-
Cobalt). Moreover, three secondary conometric crowns of 
PEEK were inserted into the prosthesis through resinous 
rebasing (polymethylmethacrylate), calibrated on the 
primary conometric stumps of implant elements 1.5-1.4-2.2 
(Figs. 12, 13, 14). In addition to this, the mesial-occlusal 
odontoplasty of dental element 4.8 was executed, to avoid 
its interference with achieved chewing balance (Fig. 15).

RESULTS

After a month from the procedure, the first 
clinical monitoring took place, focusing on the 
stability of implants, intermediate prosthetic 
components, and gingival and tissue structure. Then, 
after the first post-delivery quarter, a second clinical 
and radiographic test to analyse the stability of the 
above-mentioned elements was performed, together 
with professional hygiene. In both observations, 
the implants, prosthetic components, and gingival 
and tissue structure stability proved to be optimal; 
furthermore, the second test showed radiographic 
evidence of a full osseointegration. Following 
another 3-month period, a new professional hygiene 
was carried out, together with the collection of 
additional photographic documentation (Fig. 16).

During the first year, professional hygiene was 
performed every 3 months, thus guaranteeing a 
gingival maintenance treatment of extra-implant 
mucous canals and making the patient aware of the 
importance of these regimens to maintain an optimal 
prosthetic rehabilitation.

The annual clinical and radiographic control of 
implant, intermediate prosthetic components, and 
gingival and tissue stability showed both clinical 
and radiographic positive results, observing only 
one mucositis episode affecting the implant at site 
1.2, which was unexploited due to fractures. This 
inflammation was resolved with a laser-assisted 
supportive peri-implant treatment (laser diode – 
810nm wavelength). At the end of the treatment, the 
patient received instructions to undergo professional 
hygiene every four months, to favour the durability 
of the realised implant-prosthetic rehabilitation. 

 
Fig. 13. Peek® secondary conometric crown insertion 

 

Fig. 13. Peek® secondary conometric crown insertion

 
Fig. 14. Removable prothesis 

 

Fig. 14. Removable prothesis

 
Fig. 15. Occlusal rises in lower jaw 

 

Fig. 15. Occlusal rises in lower jaw
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clinician’s decision-making flexibility. In particular, 
the rehabilitation would be supported, through 
conometric connection, by last-generation dental 
implants, which have demonstrated to handle the 
masticatory forces generated in the oral cavity (26) 
despite the limited diameter.

In the last decade, the scientific community already 
approved removable prosthetic rehabilitations 
supported by dental implant through conometric 
connection (12-14). However, the reported case 
describes a procedure that, exploiting the original 
bone availability without additional changes, 
employs minimum-diameter dental implants (2.9 
mm). These implants were inserted at sites 2.2, 1.4 
and 1.5 and linked to the residual dental stumps on 
sites 1.6, 2.3 and 2.4 by means of a prosthetic device, 
developed in total conometric removable coupling 
on a mixed dental-implant support (26).

As a completion to the rehabilitative project, it 
was also decided to rebalance the masticatory plane, 
by applying composite occlusal suspensions on the 
antagonist dental elements in positions 4.5, 4.4, 3.4 
and 3.5. This procedure guarantees more stability 
to the entire stomatognathic system (27) and thus 
more durability to the applied implant-prosthetic 
rehabilitation. The medical hazard of exploiting 
implants with a 2.9 mm minimum diameter was 
then rebalanced by the concurrent secure additional 
support on the residual dental stumps, allowing an 
equal distribution of the masticatory load.

Finally, there are two observations to be made. 
Firstly, the removable prosthesis anchored on dental 
and implant stumps allows to overcome the potential 
long-term stability issues, which are caused by the 
different mobility of the afore-mentioned elements 
(dental 150 µm - implant around 0 µm) (13). In case 
of a cemented or screwed fixed bridge prosthesis, 
this kind of problems would have been more 
probable (13, 29, 32-37). Secondly, the conometric 
connection permitted to grant a reinforced implant-
dental mixed anchoring system (38-42) and a proper 
distribution of the masticatory forces perpendicular 
to the stumps. Moreover, the tangential forces to the 
stumps, (43-45) which are generated by the daily 
removal, were reduced to minimum, due to the 
strict disconnection mode, almost perpendicular to 

After two years, a clinical and radiographic control 
of stability was performed and showed positive 
results (Fig. 17).

DISCUSSION

The urge to identify a treatment that encounters the 
patient’s clinical requirements and needs is essential 
nowadays in the dental profession. In the reported 
case, the patient requested a procedure to restore 
the functionality, as well as the morphology, of the 
stomatognathic system, although refusing a classical 
implant approach, which would have implied 
changes to the available bone thicknesses (29-31). 
The patient had also turned down the possibility to 
perform the exodontics of the elements in position 
1.2 (implant) and 4.8 (dental) inside the oral cavity, 
hence complicating even more the rehabilitative 
procedure. In the perspective of achieving a common 
goal, the patient finally accepted to undergo a 
removable prosthetic rehabilitation, assisted by the 

 
Fig. 15. Occlusal rises in lower jaw 

 

Fig. 17. Two-year follow-up orthopantomography

Fig. 16. Smile
 

Fig. 16. Smile 
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the stumps, that is almost impossible to obtain with 
simpler ball connection systems.

In this scenario, the chosen therapeutical plan 
permitted not only to achieve optimal clinical results 
in a patient who would otherwise reject any kind 
of treatment, but also to obtain additional benefits 
(46). Firstly, the application of a removable device 
enables a better domestic cleansing of the stumps, 
reducing the rate of the medium-long-term failures 
in patients with a scarce oral hygiene and easing the 
device readaptation in case of compromised stability 
of dental pillars over time. Secondly, the operating 
invasiveness reduction, together with the patient 
acknowledging the orthodontist as a person who 
understands their fears and demonstrates medical 
flexibility, leads to a reduction of anticipatory anxiety 
in the subject. Consequently, it was possible to apply 
an anxiolytic psychological and pharmacological 
approach, which otherwise would have probably 
shifted towards a higher level of unconsciousness, 
reaching the state of sedation.
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reported a forward and downward repositioning of the 
maxilla after rapid palatal expansion (20-23). Cleall et 
al. considered that the maxilla gets back to its original 
position during retention (24). Other Authors observed 
that the forward and downward displacement of the 
maxilla can be minimized by using a type of expander 
with acrylic occlusal splints (25). Other studies 
reported a spontaneous anterior repositioning of the 
mandible after rapid palatal expansion in patients with 
Class II malocclusion due to mandible retrusion (26-
29). The aim of this study was to evaluate the skeletal 
and dentoalveolar effects at the level of upper and 

The rapid palatal expansion has acquired a role 
of primary importance in modern orthodontics as 
a safe, predictable and effective method to correct 
the transverse maxillary deficit (1). In addition to an 
increase of the transverse diameter of the palatal vault 
and the correction of the cross-bite, there are many 
data in the literature regarding the favorable effects of 
this therapy in increasing the amplitude of the nasal 
cavities and the length of the upper arch perimeter 
(2-19). Concerning the effects of the rapid palatal 
expansion on the sagittal plane, the opinions presented 
in the literature appear conflicting. Some Authors 

Rapid palatal expansion can determine an improvement of the sagittal relationship between maxilla 
and mandible. The purpose of this study was to evaluate the skeletal and dentoalveolar effects of the upper 
and lower jaws on the sagittal plane in subjects treated with acrylic-splint rapid palatal expander before 
growth peak. 36 patients aged 6-10 years with a cervical vertebral maturation stage of CS1 or CS2 were 
selected. Skeletal and dentoalveolar variables on the cephalometric traces of the lateral teleradiographs 
were measured before (T0) and at the end (T1) of the orthodontic treatment. The same variables were 
measured in a subgroup (20 subjects) of the same sample, characterized by a skeletal Class II malocclusion 
(ANB ≥ 4°) at T0. Statistics used was paired samples t-test. The p-value was considered statistically 
significant for P<0.05. In the whole sample ANB showed a significant decrease (-0.96±1.75°). Pg-OLp 
and Co-OLp + Pg-OLp increased of 4.25±6.07 mm and 4.89±6.65 mm respectively. FMA angle showed 
a significant decrease (-1.26±2.47°). In the subgroup with skeletal Class II malocclusion the results were 
similar, but it was also registered a significant increase of SNB (1.37±2.14°). In addition to the correction of 
the cross-bite, the treatment with acrylic-splint rapid palatal expander determined an improvement of the 
dento-basal discrepancy in the maxilla, an improvement of the skeletal maxillo-mandibular relationships, 
an anterior repositioning and length increase of the mandible and a facial height reduction.

Key words: Rapid palatal expansion, palatal expander, growth peak, cephalometric analysis, orthodontic treatment

*Corresponding author: 
Paola Pancera,
Section of Oral and Maxillofacial Surgery,
Department of Surgical Sciences, Dentistry, Gynecology and Pediatrics,
University of Verona, Verona, Italy
e-mail: paolapancera@gmail.com

Short-term sagittal changes of the upper and lower jaws in patients treated with acrylic-splint 
rapid palatal expander before growth peak

P. Faccioni, P. Pancera*, U. Luciano, S. Sinigaglia, M. Marchiori, N. Zerman, N. Modena, 
A.Poscolere,  M. Magi, T. Zambotti, C. Alberti, D. Donadello, M. Zarantonello, A. Iurlaro,

D. Giuliani, A. Cominziolli, F. Balliu and D. De Santis

Section of Oral and Maxillofacial Surgery, Department of Surgical Sciences, Dentistry, Gynecology 
and Pediatrics, University of Verona, Verona, Italy



34 (S1)

The patients were treated with acrylic-splint rapid palatal 
expander (i.e. McNamara-type rapid palatal expander): it 
was composed of Hyrax-type screw embedded into a wire-
and-acrylic framework; the acrylic splints were bonded to 
the deciduous molars and the permanent first molars (37-
38). The patients’ parents were instructed to activate the 
expansion screw twice a day until the palatal cusps of the 
maxillary posterior teeth approximated the buccal cusps 
of the mandibular posterior teeth: every activation was a 
0.25 mm expansion. Once reached the correct expansion, 
the screw was blocked and the expander was kept in 
place for six months: this period was necessary to allow 
the reorganization of the midpalatal suture. At the end of 
this period (T1), the expander was removed, cleaned and 
given to the patient to wear it as retainer at night for further 
6 months. If the expander was not sufficiently retentive, 
the patient wore a Hawley retainer (39). At the end of the 
orthodontic treatment skeletal and dentoalveolar variables 
on the cephalometric traces of the initial (T0) and final 
(T1) lateral teleradiographs were measured with Dolphin 
Imaging 11.7 software (Dolphin, Imaging & Management 
Solutions, Chatsworth, CA, USA). Parameters derived 
from Steiner, Tweed, Ricketts, Pancherz and Bjork 
cephalometric analyses were measured in order to gather 
all the measurement variables often used in the literature 
(Table I) (40). 

lower jaws on the sagittal plane in subjects treated 
with acrylic-splint rapid palatal expander before 
growth peak.

MATERIALS AND METHODS

In this study 36 subjects (18 males and 18 females) aged 
between 6 and 10 years were selected. At the beginning of 
the treatment (T0) the patients were in mixed dentition and 
their mean age was 8.11±2.3 years. The inclusion criteria 
were: skeletal transverse deficit of the maxilla; monolateral 
or bilateral skeletal cross-bite; CS1 or CS2 cervical vertebral 
maturation stage according to Baccetti et al. (30). The 
exclusion criteria were: genetic or endocrine diseases that 
could affect the treatment plan; previous orthopaedic and/or 
orthodontic treatment; skeletal abnormalities or significant 
facial asymmetry (19,31-36). The transverse discrepancy of 
the patients was measured on the dental casts using a caliper 
with 0.01 mm accuracy to quantify the needed expansion. 
Since all subjects had a mixed dentition, the transverse 
discrepancy was the result of the difference between the 
superior intermolar distance (distance between the central 
fossae of the upper first permanent molars) and the inferior 
intermolar distance (distance between the top of the disto-
buccal cusps of the inferior first permanent molars). All 
subjects had an initial upper arch width inferior to 30 mm. 

Table I. Skeletal and dentoalveolar variables. 

Variable Description 
SNA Antero-posterior positioning of maxilla in relation to cranial base 
SNB Antero-posterior positioning of mandible in relation to cranial base 
ANB Relative position of the maxilla to mandible 
A-OLp Position of the maxillary base 
Pg-OLp Position of the mandibular base 
Co-OLp Position of the condylar head 
Pg-OLp + Co-OLp Sagittal mandibular lenght 
Co-Gn Total mandibular lenght 
Co-A Maxillary length 
FMA Frankfort-Mandibular plane Angle 
U1-OL Inclination of upper incisor 
L1-OL Inclination of lower incisor 
U1-L1 Interincisal angle 
is/OLp - ii/OLp Overjet 
ms/OLp - mi/OLp Molar relation 
U1-SN Inclination of maxillary incisor to anterior cranial base 
IMPA (L1-MP) Incisor Mandibular Plane Angle 
FMIA (L1-FH) Frankfort-Mandibular Incisor Angle 

 

Table I. Skeletal and dentoalveolar variables.
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differences were found for A-OLp (1.93±5.23 mm, 
P>0.05) and Co-OLp (0.61±2.50, P>0.05). Pg-OLp 
showed a statistically significant increase (4.25±6.07 
mm, P<0.05), suggesting an advancement of the 
mandibular position. As regards the total mandibular 
length, measured as Co-OLp + Pg-OLp, a statistically 
significant increase (4.89±6.65mm, P<0.05) was 
found. FMA angle showed a statistically significant 
decrease between T0 and T1 (-1.26±2.47mm, P>0.05), 
indicating a horizontally mandibular advancement 
rather than a vertical one. The results regarding the 
changes of the dentoalveolar variables at T0 and T1 
are reported in Table III. 

Only the variables related to the inclination of 
the upper incisors showed statistically significant 
changes: in particular, there was a proclination of the 
upper incisors given by the decrease of U1-OL angle 
(-2.55±3.39°, P <0.05) and by the increase of U1-SN 
angle (3.12±4.07°, P<0.05). The results regarding the 
changes of the skeletal and dentoalveolar variables at 
T0 and T1 in the subgroup of Class II malocclusion 
patients are reported in Table IV. 

With regard to the sagittal position of the maxilla, 
SNA and A-OLp did not show statistically significant 
differences between T0 and T1. The sagittal 
mandibular position was evaluated by analysing SNB 
and Pg-OLp. As regards the comparison between 
the values of Pg-OLp at T0 and T1, a statistically 

This study was approved by the Clinical Investigation 
Ethics Committee of Verona and Rovigo, Italy (protocol 
number 70252). The statistical analysis was performed 
using the software STATA (version 13; StataCorp LP, 
College Station, Texas, USA). Mean and standard deviation 
(SD) were calculated for all cephalometric variables at T0 
(pre-treatment) and at T1 (after treatment). Paired samples 
t test was performed for the evaluation of the skeletal and 
dentoalveolar changes that occurred during treatment 
with rapid palatal expander. The p-value was considered 
statistically significant if less than 0.05. The same evaluation 
was performed for a subgroup (20 subjects) of the same 
sample, characterized by a skeletal Class II malocclusion 
(ANB ≥ 4°) at T0.

RESULTS

The results of the changes of the skeletal variables 
at T0 and T1 are reported in Table II. 

SNA and SNB showed no statistically significant 
differences between T0 and T1. ANB underwent a 
statistically significant decrease between T0 and T1 
(-0.96±1.75°, P<0.05), indicating an improvement 
of the sagittal relationships between the maxilla 
and the mandible. Pancherz analysis was adopted 
to assess the positions of the maxilla, the condylar 
head and the mandible and the length of the mandible 
on the sagittal plane. No statistically significant 

Table II. Changes of the pre- (T0) and post-treatment (T1) skeletal variables.
Table II. Changes of the pre- (T0) and post-treatment (T1) skeletal variables. 

Skeletal 
variables 

T0 T1 T1-T0 P-value (P) Significant (S) 
/ Not 
Significant 
(NS) 

SNA (°) 81.18 ± 4.04 81.19 ± 3.87 0.02 ± 1.47 0.9622 NS 
SNB (°) 77.35 ± 3.51 78.29 ± 3.41 0.94 ± 2.03 0.0661 NS 
ANB (°) 3.86 ± 2.14 2.89 ± 2.33 - 0.96 ± 1.75 0.0325 S 
A-OLP (mm) 73.38 ± 6.48 75.31 ± 5.23 1.93 ± 5.23 0.1355 NS 
Pg-OLP (mm) 80.11 ± 8.58 84.36 ± 7.15 4.25 ± 6.07 0.0086 S 
Co-OLP (mm) 4.01 ± 3.98 4.61 ± 2.37 0.61 ± 2.50 0.3191 NS 
Pg-OLP + Co-
OLP (mm) 

84.1 ± 8.17 88.99 ± 7.42 4.89 ± 6.65 0.0062 S 

Co-Gn (mm) 98.26 ± 8.74 103.32 ± 9.69 5.06 ± 8.90 0.0274 S 
Co-A (mm) 77.51 ± 6.60 80.12 ± 5.44 2.61 ± 6.23 0.0941 NS 
FMA (°) 26.28 ± 3.10 25.03 ± 3.41 - 1.26 ± 2.47 0.0453 S 

The values are expressed as mean±standard deviation (SD) and their difference. It is also 
reported the p-value and the significance obtained by the paired samples t test. 
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Table III. Changes of the pre- (T0) and post-treatment (T1) dentoalveolar variables. 
 

Dentoalveolar 
variables 

T0 T1 T1-T0 P-value (P) Significant (S) / 
Not Significant 
(NS) 

U1-OL (°) 58.1 ± 43.65 55.59 ± 3.07 - 2.55 ± 3.39 0.0054 S 
L1-OL (°) 71.98 ± 5.61 70.71 ± 5.11 - 1.27 ± 3.87 0.1807 NS 
U1-L1 (°) 130.12 ± 7.77 126.28 ± 6.28 - 3.84 ± 3.41 0.0002 S 
is/OLP-ii/OLP 
(mm) 

3.68 ± 2.36 3.683 ± 2.68 0.006 ± 1.57 0.9882 NS 

ms/OLP-
mi/OLP (mm) 

- 0.43 ± 1.7 - 1.23 ± 1.85 - 0.8 ± 1.71 0.0629 NS 

U1-SN (°) 103.84 ± 5.57 106.96 ± 5.05 3.12 ± 4.07 0.0046 S 
IMPA (L1-
MP) (°) 

91.81 ± 6.14 93.29 ± 5.26 1.49 ± 3.62 0.0993 NS 

FMIA (L1-FH) 
(°) 

61.93 ± 5.65 61.67 ± 5.02 - 0.27 ± 4.50 0.8046 NS 

The values are expressed as mean±standard deviation (SD) and their difference. It is also 
reported the p-value and the significance obtained by the paired samples t test. 

 

 

Table III. Changes of the pre- (T0) and post-treatment (T1) dentoalveolar variables.

Table IV. Changes of the pre- (T0) and post-treatment (T1) skeletal and dentoalveolar 
variables in the subgroup of Class II malocclusion patients. 
 

Skeletal and 
dentoalveolar 
variables 

T0 T1 T1-T0 P-value (P) Significant (S) / 
Not Significant 
(NS) 

SNA (°) 81.61 ± 4.31 81.74 ± 3.94 - 0.2 ± 1.53 0.7634 NS 
SNB (°) 76.78 ± 3.79 78.15 ± 3.79 1.37 ± 2.14 0.0401 S 
ANB (°) 4.85 ± 0.99 3.58 ± 2.19 - 1.27 ± 1.63 0.0156 S 
A-OLP (mm) 73.01 ± 6.43 74.50 ± 4.64 1.49 ± 4.86 0.2898 NS 
Pg-OLP (mm) 78.61 ± 8.05 82.47 ± 4.52 3.85 ± 6.38 0.0499 S 
Co-OLP (mm) 4.19 ± 4.52 4.61 ± 2.68 0.42 ± 2.53 0.5578 NS 
Pg-OLP + Co-
OLP (mm) 

82.78 ± 7.94 87.11 ± 4.62 4.32 ± 6.69 0.0382 S 

Co-Gn (mm) 96.28 ± 7.85 100.03 ± 5.06 3.75 ± 8.27 0.1283 NS 
Co-A (mm) 77.31 ± 6.67 79.27 ± 4.61 1.95 ± 5.72 0.2419 NS 
FMA (°) 26.38 ± 3.54 24.38 ± 3.01 - 2.01 ± 2.06 0.0043 S 
U1-OL (°) 57.77 ± 4.19 55.49 ± 3.30 - 2.29 ± 3.79 0.0586 S 
L1-OL (°) 70.48 ± 4.33 69.37 ± 4.91 - 1.11 ± 4.01 0.3388 NS 
U1-L1 (°) 128.23 ± 7.17 124.92 ± 5.88 - 3.31 ± 3.70 0.0072 S 
is/OLP - 
ii/OLP (mm) 

3.81 ± 2.58 3.777 ± 3.16 - 0.039 ± 1.51 0.9285 NS 

ms/OLP - 
mi/OLP (mm) 

- 0.34 ± 1.75 - 1.22 ± 1.98 - 0.88 ± 2.01 0.1378 NS 

U1-SN (°) 103.10 ± 6.12 106.31 ± 5.26 3.21 ± 4.63 0.0276 S 
IMPA (L1-
MP) (°) 

94.05 ± 4.58 95.10 ± 4.76 1.02 ± 3.88 0.3606 NS 

FMIA (L1-FH) 
(°) 

59.58 ± 3.69 60.54 ± 5.23 0.95 ± 4.00 0.4067 NS 

The values are expressed as mean±standard deviation (SD) and their difference. It is also 
reported the p-value and the significance obtained by the paired samples t test. 
 

Table IV. Changes of the pre- (T0) and post-treatment (T1) skeletal and dentoalveolar variables in the subgroup of Class II 
malocclusion patients.

The values are expressed as mean±standard deviation (SD) and their difference. It is also reported the p-value and 
the significance obtained by the paired samples t test.

The values are expressed as mean±standard deviation (SD) and their difference. It is also reported the p-value and 
the significance obtained by the paired samples t test.
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the maxillo-mandibular relationships. This was also 
confirmed by the statistically significant reduction of 
ANB both in the whole sample (-0.96±1.75°, P<0.05) 
as well as in the Class II subgroup (-1.27±1.63°, 
P<0.05). This suggested that the acrylic-splint rapid 
palatal expander can be an effective choice for the 
treatment of all those patients who have a transverse 
maxillary deficit associated with a mandibular 
retrusion. In the subjects with Class II malocclusion 
the therapy with rapid palatal expander favoured 
a spontaneous mandibular repositioning that led 
to an improvement of the maxillo-mandibular 
relationship. This is why it is important to perform 
the Frankel manoeuvre to assess the need of a palatal 
expansion before the orthodontic treatment in Class 
II malocclusion subjects with mandibular retrusion 
(43). This consideration, together with our results, is 
in agreement with a study by Guest et al, in which 
the sagittal effects of a group of Class II division I 
malocclusion subjects treated with acrylic-splint 
rapid palatal expander are compared with those of an 
untreated control group with the same malocclusion 
(26). These observations are also comparable to 
those reported by McNamara, who observed that the 
rapid palatal expansion led to a spontaneous growth 
or to an advancement of the mandible in subjects 
with Class II malocclusion (44-45). Regarding the 
effects of the rapid palatal expansion on the vertical 
plane, there was a statistically significant decrease 
of FMA (-1.26±2.47mm, P>0.05), indicating a 
facial height reduction. This might be caused by 
the likely intrusion of the posterior maxillary teeth, 
due to the action of masticatory forces on acrylic 
splints. This suggested that therapy with the acrylic-
splint rapid palatal expander can be very favourable 
in hyperdivergent subjects, who present a vertical 
mandibular growth pattern. Our results were similar 
to those by De Rossi et al. and Cohen and Silverman, 
who affirmed that the presence of the acrylic splints 
could inhibit the alveolar growth and the eruption of 
the posterior teeth, thus becoming the ideal choice for 
all those patients with an increased facial height and 
overly inclined mandibular plane (46-47). Regarding 
the analysed dentoalveolar variables, only the values 
representing the inclination of the upper incisors and 
the interincisal angle showed statistically significant 

significant increase was found (3.85±6.38 mm, 
P<0.05), suggesting an advancement of the sagittal 
mandibular position. SNB increased of 1.37±2.14° 
(P<0.05). The maxillo-mandibular relationship was 
evaluated through ANB: the angle decreased of 
1.27±1.63° (P<0.05). FMA showed a statistically 
significant decrease between T0 and T1 (-2.01±2.06°, 
P<0.05), indicating a mandibular advancement in 
the horizontal direction rather than in the vertical 
one. Regarding the dentoalveolar variables, the only 
significant change regarded the proclination of the 
upper incisors, as it was observed in the total sample.

DISCUSSION

No statistically significant differences were found 
in the sagittal position of the maxilla (expressed by 
SNA, A-OLp and Co-A) between T0 and T1. As these 
values were not significant, it can be inferred that the 
therapy with the acrylic-splint rapid palatal expander 
did not affect the maxillary growth in the antero-
posterior direction. These results were in agreement 
with the studies conducted by Da Silva et al., Asanza 
et al. and Sarver et al. (25,41,42). In this latter study 
the Authors observed that the anterior displacement of 
the maxilla due to treatment with banded rapid palatal 
expander could be minimized through the use of an 
acrylic-splint rapid palatal expander: therefore, it can 
be an effective treatment option for patients with Class 
II malocclusion. Regarding the sagittal position and 
the length of the mandible, it was found: an increase of 
Pg-OLp distance, indicating an anterior displacement 
of the lower jaw; an increase of Pg-OLp + Co-OLp 
and Co-Gn, indicating an increased mandibular length. 
The anterior displacement of the mandible was in part 
due to the mandibular growth and in part to its anterior 
repositioning. The values representing the sagittal 
position of the mandible were even more expressive 
in the subgroup of Class II malocclusion patients. In 
particular, there was a statistically significant increase 
of SNB (1.37±2.14°, P<0.05) and Pg-OLp (3.85±6.37 
mm, P<0.05) between T0 and T1. Therefore, the 
therapy with acrylic-splint rapid palatal expander 
favoured an advancement of the mandible thanks to 
its release from the dental occlusal contacts with the 
upper jaw: in this way, it led to an improvement of 
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variations. In particular, a proclination of the upper 
incisors was found. This finding could be due to the 
presence of the resin splints which determined an 
anterior position of the tongue in contact with the 
upper incisors, causing an almost continuous force 
able to proclinate them.

In addition to the correction of the cross-bite, the 
orthodontic treatment with acrylic-splint rapid palatal 
expander in subjects before growth peak determined: 
improvement of the dento-basal discrepancy in the 
upper jaw; improvement of the skeletal maxillo-
mandibular relationship; anterior repositioning 
and length increase of the mandible; facial height 
reduction.

This therapy appears to be effective and 
advantageous in all those subjects that present a Class 
II malocclusion with mandibular retrusion and/or 
hyperdivergent growth pattern.
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Background: Type VI Osteogenesis Imperfecta (OI) is caused by homozygous or compound heterozygous 
null mutations in SERPINF1 gene, coding for pigment-epithelium derived factor (PEDF). Null SERPINF1 
mutant patients appear healthy at birth and free from fractures until after 6 months of age, suggesting 
a protective effect of circulating maternal PEDF during fetal development. Moreover, unaffected 
asymptomatic heterozygotes parents, have PEDF circulating levels of about 1 μg/mL, lower than normal 
concentrations and sufficient for a normal bone metabolism/development. This study aims to evaluate 
efficacy and safety of plasma administration and provide a minimum amount of PEDF similar to the 
levels found in heterozygotes in patients affected by type VI OI. Materials and methods: Ten patients 
(5-18 yrs old) were eligible for the study. Pharmaceutical grade plasma (Plasmasafe) (12-15 mL/Kg) was 
administered e.v. every month for 6 months. At baseline, before each plasma transfusion, and 6 months 
after the last plasma transfusion, PEDF, bone metabolic markers (Ca, P, 25-OH Vitamin D, PTH, bone 
ALP, osteocalcin, P1NP, DKK1, sclerostin, b CTX), iron and ferritin were determined. PEDF, DKK1, 
Sclerostin and P1NP were repeated 1, 2 and 7 days after first plasma administration to see the effective 
bloodstream increase and evaluate the short-term response. Results: Of the initial 10 patients, only 4 
completed the study. PEDF (5 patients) showed an increase from <0.045 μg/mL before infusion to 1,357 ± 
0.27 μg/mL at day 1, returning to <0.045 μg/mL from day 2 and thereafter. We found a significant decrease 
in DKK1 (p=0.05) and a non-significant increase in P1NP levels the day after the first transfusion, with a 
rapid return to previous levels. Biochemical markers of bone turnover and BMD did not show significant 
changes during the study.  Conclusions: Plasma infusion at doses and intervals used in our study produced 
only a slight and not lasting increase in PEDF circulating levels, not useful to modify bone metabolic 
markers and BMD. The slight decrease in DKK1 could be an acute effect due to the administration of 
PEDF, confirming the relationship between PEDF and the Wnt/β-catenin signaling pathway.
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effective treatment modalities are required in type 
VI OI, but a replacement therapy with recombinant 
PEDF and/or mesenchymal stem cell therapy is not 
possible. 

The observation that all null SERPINF1 mutant 
patients appear healthy at birth and do not have 
fractures until after 6 months of age may suggest a 
protective effect of circulating maternal PEDF during 
fetal development due to hypothetical placental 
passage, which would persist in the first months 
of life. Moreover, unaffected parents, genetically 
heterozygotes and clinically asymptomatic, have 
PEDF circulating levels of about 1 μg/mL 5 and these 
low values, with respect to normal concentrations 
of about 5-10 μg/mL, are sufficient for normal 
bone metabolism and a healthy state (17). Thus, we 
hypothesized that a very low amount of PEDF may be 
adequate to protect from the disease, or at least correct 
some skeletal aspects; we decided to use plasma to 
provide a minimum amount of PEDF, similar to the 
levels found in heterozygotes.

This study aims to evaluate the efficacy and safety 
of PEDF administration, using pharmaceutical grade 
plasma, in patients affected by type VI OI.

MATERIALS AND METHODS

Setting
The study was performed in the Pediatric Clinic, 

University of Verona Medical School, a third level 
Paediatric Center for the Study of Rare Skeletal Diseases, 
partner of the European Reference Network for Rare Bone 
Disorders (ERN-BOND).

The study protocol was approved by Local Ethic 
Committee (PEDFOI: Prog. n. 633CESC). https://www.
aovr.veneto.it/area-scientifica/comitati/comitato-etico-per-
la-sperimentazione-clinica. 

Inclusion criteria were children between 1 and 18 
years of age, affected by type VI OI, genetically and 
biochemically confirmed, written informed consent signed 
by parents or guardians. Exclusion criteria were: Previous 
transfusional adverse events.

Patients
Ten patients aged 1-18 years were eligible for entering 

the study. Clinical history, with particular attention to 

Osteogenesis imperfecta (OI) is a phenotypically 
and genetically heterogeneous group of inherited 
bone dysplasia mainly characterized by bone fragility 
and deformity. 

The etiology is mainly collagen-associated, and 
the majority of cases are due to dominant mutations 
in either of type I collagen genes (COL1A1 and 
COL1A2), causing defects in collagen synthesis, 
structure, and processing. Less common forms of 
OI are caused by defects in genes whose products 
are involved in type I collagen post-translational 
modification, folding and cross-linking, in process of 
mineralisation and osteoblast differentiation (1). 

Among OI, autosomal recessive-type VI OI (OMIM 
613982) (2) has peculiar clinical and histological 
features, such as defects in the mineralization process. 
Neonates with type VI OI appear normal at birth and 
start fracturing within 6 to 12 months of age, following 
a severe and progressive deforming bone dysplasia, 
vertebral compressions, and scoliosis, leading to the 
loss of autonomous walking. Other typical signs of 
OI, such as blue sclerae, Dentinogenesis imperfecta, 
and hearing impairment, do not occur in type VI OI 
patients. 

Type VI OI is caused by homozygous or compound 
heterozygous null mutations in SERPINF1 gene, 
located on chromosome 17p13.3 (OMIM 172860), 
coding for pigment-epithelium derived factor (PEDF), 
a 418-amino acid secreted glycoprotein expressed in 
several tissues including osteoblasts (3-5), well-known 
for its neurotrophic and antiangiogenic properties (6). 

Patients with type VI OI have elevated serum 
alkaline phosphatase (ALP), and the undetectable 
levels of serum PEDF (7) is a specific diagnostic 
biomarker for OI patients with SERPINF1 mutations. 
Unfortunately, patients with type VI OI show a weaker 
response to “standard” bisphosphonates treatment, and 
the gains in mobility scores and reductions in fracture 
incidence are lower than in patients harbouring 
collagen defects (8-10). Limited trials were conducted 
using RANK ligand antibody denosumab (11 12) 
however, the effect on osteoclast suppression is short 
and variable in children with type VI OI (13), and this 
treatment probably cannot be used as a stand-alone 
alternative to bisphosphonates to treat children with 
type VI OI (14) or other OI types (15 16). Thus, more 
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not continue the treatment after the first plasma transfusion 
due to the ethical issues on behalf of the family concerning 
acceptance and the frequency of transfusions. Of the initial 
10 patients, only 4 completed the study. Fig. 1 depicts the 
study flow chart. 

Treatment
After inclusion in the study, pharmaceutical-grade 

plasma (Plasmasafe) (12-15 mL/Kg) was administered 
e.v. in 3 h. Plasma used for the treatment was coming 
from the same production batch and the PEDF content 
was measured before each transfusion (9.95 ± 2.2 μg/mL). 
The quantity per Kg was empirically calculated to reach 
the theoretical concentration of about 1 µg/mL of PEDF in 
plasma patients. Plasma administration was repeated every 
month for 6 months with the same procedure giving the 
same dose of plasma. A timetable of the study protocol is 
illustrated in Fig. 2.

number of fractures and height or length in cm, weight in 
kg, and body mass index (BMI = kg/m2), were recorded. 
Weight and height SDs values were calculated according to 
Italian growth charts (18).

All patients have already had several treatment periods 
using bisphosphonates (neridronate) with results lower than 
expected. In addition, all patients were supplemented vitamin 
D and calcium before entering the study for almost 1 year.

After inclusion in the study, one patient (OI 63 - 
bedridden) refused to participate in the protocol study 
due to the clinical impossibility to be transported from 
their residence, which was approximately 700 km from 
the hospital and could have caused fractures. Another 
2 patients (OI 122 and OI 123 – 2 brothers) refused to 
participate because of the economic difficulties of their 
parents (despite the possibility of financial support from 
Associazione Italiana Osteogenesis Imperfecta - AsItOI). 
Three patients (OI 93, OI 94 and OI 162 – 3 sisters) did 

 

 

Fig. 1. Trial Profile. *Patients refused participation: OI 63 for the clinical impossibility to be 
transported; OI 122 and OI 123 for impossibility of parents to participate in the study due to work 
problems and economic difficulties (even if there was the possibility of financial support). **Patients 
did not continue treatment after the first plasma transfusion due to problems with non-acceptance 
of transfusions and their frequency: OI 93, OI 94 and OI 162.  

 

Fig. 1. Trial  Profile.  *Patients  refused  participation: OI 63 for the clinical impossibility to be transported; OI 122 and 
OI 123 for impossibility of parents to participate in the study due to work problems and economic difficulties (even if there 
was the possibility of financial support). **Patients did not continue treatment after the first plasma transfusion due to 
problems with non-acceptance of transfusions and their frequency: OI 93, OI 94 and OI 162.
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points, we also assayed DKK1, Sclerostin and P1NP, to 
evaluate the short-term response to PEDF, if eventually 
present. All samples were frozen immediately after 
collection and stored at -30°C until detection. At baseline 
and after 12 months, bone mineral density was measured, 
and fracture rate was checked.

Biochemical measurements 
Serum Ca and P, iron and ferritin values and urinary 

Ca and creatinine values were determined using standard 
techniques. 

Serum 25OH Vitamin D, intact 1–84 PTH, bone 
ALP, Oc were determined on a LIAISON analyzer by 
commercial methods (DiaSorin Inc, Stillwater, MN, USA): 
25 OH Vitamin D total assay (intra- and inter-assay CV 5.1 
and 5.8%, respectively; analytical sensitivity 10 nmol/L), 
1-84 PTH assay (3.6 and 4.7%; 0.5 pg/mL), BAP OSTASE 
assay (4.6 and 6.1%, 1.5 µg/L), Osteocalcin assay (5.0 and 
6.0%; 0.5 ng/mL). 

Serum intact N-propeptide of type I collagen (P1NP) 
was measured by IDS-ISYS Multi-Discipline automated 
analyzer (Immunodiagnostic System, Boldon, UK) based 
on chemiluminescence immunoassay (CLIA):  intra- and 
inter-assay CV were 4 and 5%, respectively and analytical 
sensitivity was 2 ng/mL. 

Serum DKK1 and sclerostin were measured by ELISA 
(Biomedica Medizinprodukte, Vienna, Austria); for DKK1 
intra- and inter-assay CV were 7 and 8.2% respectively, 
analytical sensitivity was 0.38 pmol/L; for sclerostin 

Safety
Adverse events of plasma transfusion were carefully 

evaluated, such as hemodynamic overload, allergic-type 
transfusion reactions, or non-hemolytic febrile reactions. 
Vital signs before, during and at the end of each transfusion, 
and in the first three hours immediately following, were 
registered.

Before the first plasma infusion and six months after 
the last plasma infusion, determination of antibody title, 
nucleic acid test for hepatitis B virus (HBV), hepatitis C 
virus (HCV) and human immunodeficiency virus (HIV) 
and antibody title for syphilis were performed to exclude 
potential infectious disease transmission. 

Biochemical and instrumental determinations
At baseline (T0), before each plasma transfusion (T4, 

before 2nd plasma infusion, T5 - 3rd, T6 - 4th, T7 - 5th, 
T8 - 6th and T9 - 7th), and 6 months after the last plasma 
transfusion (T10), PEDF, bone metabolic markers (Ca, P, 
25-OH Vitamin D, PTH, bone alkaline phosphatase (bone 
ALP), osteocalcin (Oc), procollagen type 1 N-terminal 
propeptide (P1NP), dickkopf-1 (DKK1), sclerostin, 
C-terminal telopeptides of Type I collagen (b CTX)), iron 
and ferritin were determined in serum or plasma; Ca and 
creatinine were measured in urine. 

PEDF determination was also repeated after 1 (T1), 2 
(T2) and 7 days (T3) after first plasma administration to 
see the effective increase in the bloodstream of patients, 
establish half-lives and level changes over time. At these 

 

 

Fig. 2. Study protocol timetable and flow chart. *PEDF determination: 1, 2 and 7 days after first 
plasma transfusion. 

 

Fig. 2. Study protocol timetable and flow chart. *PEDF determination: 1, 2 and 7 days after first plasma transfusion.

F. ANTONIAZZI ET AL.



(S1) 45Journal of Biological Regulators & Homeostatic Agents

to establish the significance of differences in plasma and 
biochemical markers. Statistical significance was set at 
p<0.05. Data were analysed using the program SAS (SAS 
Institute Inc., Cary, USA).

RESULTS

Baseline
Anthropometric and clinical findings at baseline in 

all type VI OI patients studied are presented in Table I. 
In 7 of 10 patients, parental consanguinity and 

homozygosity was found. Only in one homozygosity 
patient (OI63) there was no information on parental 
consanguinity. In 2 patients, compound heterozygosity 
and non-consanguinity were present. 

Looking at anthropometric and clinical findings, 
the disease is variable in severity, growth impairment, 
number of fractures and BMD. Fractures started some 
months after birth, with a clear correlation between 
earlier age of presentation and clinical severity. 

Only patient OI 389 (compound heterozygosity) 
showed a milder phenotype with fractures starting at 
6 years. However, in all patients, walking capacity 
was reduced and 5 were forced into a wheelchair (1 
of them bedridden). 

BMD varies according to the meshing of the 
vertebrae and the degree of scoliosis in our patients. 
Kyphoscoliosis was present in all patients and 
particularly in patient OI 122, where which lumbar 

intra- and inter-assay CV were 5 and 6.9%, respectively, 
analytical sensitivity was 2.6 pmol/L. 

Serum β-CTx was determined using 
electrochemiluminescence immunoassay (ECLIA): 
β-CrossLaps/serum (Roche Diagnostics GmbH, Mannheim, 
Germany). The intra- assay and inter- assay coefficients 
of variation were 2.1 and 3.2 %, respectively, while the 
analytical sensitivity of the assay was 0.07 ng/mL.

Circulating PEDF levels were measured by Human 
PEDF ELISA Kit (BioVendor-Laboratornì medicìna a.s, 
Czech Republic) following the manufacturer’s instructions. 
The intra- and inter-assay CV were 4.05 and 6.6%, 
respectively. The analytical sensitivity was 0.045 µg/mL. 

Dual-energy X-ray absorptiometry (DXA)
Lumbar spine bone mineral density (BMD) (g/cm2) 

was evaluated using Dual Energy X-ray Absorptiometry 
(DXA) (Hologic Discovery A, Hologic Inc., Waltham, MA, 
USA). The quality scan was assessed according to a strict 
quality control procedure. Instruments were calibrated 
daily with local spine phantom, and periodically with a 
crosscalibration phantom. Data were expressed in g/cm2 
and Z-score (number of standard deviations compared to 
normal subjects of the same age). 

Statistical analysis
Data are expressed as mean ± standard deviation (SD). 

Due to the low number of types VI OI patients, data were 
expressed as a difference in SDs. T-tests were conducted 

Table I. Genetic, Anthropometric and Clinical findings in patients affected by type VI OI at the beginning of the study (n = 10). 
 

Patient Id OI 389 OI 60 OI 298 OI 343 OI 93 OI 94 OI 162 OI 122 OI 123 OI 63 
Origin (Country) Italy Italy Pakistan Pakistan Switzerland Switzerland Switzerland Morocco Morocco Italy 
Consanguinity between 
parents 

no no yes yes yes yes yes yes yes no 

Mode of inheritance compound 
heterozygosity 

compound 
heterozygosity 

homozygosity homozygosity homozygosity homozygosity homozygosity homozygosity homozygosity homozygosity 

Gender M M F F F F F F M M 
age (yrs) 14.8 13.2 12.4 5.4 16.3 11.6 8.5 14.4 12.4 17.5 
Weight kg (SDS) 42.0 (-2.0) 35.0 (-1.9) 34.0 (-4.7) 15.6 (-1.8) 61.0 (-0.5) 25.0 (-2.7) 18.8 (-2.6) 32.1 (-3.4) 30.0 (-2.2) 39.2 (-5.2) 
Length cm (SDS) 152.0 (-2.1) 132.0 (-3.4) 116.0 (-5.4) 105.0 (-1.5) 143.0 (-4.1) 118.0 (-4.5) 119.5 (-1.8) 136.0 (-3.7) 132.0 (-2.9) 140.0 (-5.8) 
BMI kg/m2 (SDS) 18.2 (-1.1) 20.1 (-0.1) 25.3 (1.3) 14.2 (-1.1 29.8 (1.9) 17.9 (-0.5) 13.2 (-2.4) 17.3 (-1.5) 17.2 (-0.9) 19.9 (-0.9) 
Age of first fracture (yrs) 6.1 1.2 1.1 0.9 0.8 0.5 1.0 1.2 0.8 0.5 
Total n. of fractures 15 >30 24 6 >30 16 26 23 18 >30 
Lumbar spine BMD (SDS) -2.2 -4.1 -1.1 -3.5 -0.5 -1.9 -3.2 ND° -3.0 -3.5 
Walking capacity Yes  

(crutches) 
No  

(wheel chair) 
No  

(wheel chair) 
Yes  

(crutches) 
No  

(wheel chair) 
No  

(wheel chair) 
Yes  

(crutches) 
Yes 

(crutches) 
Yes  

(crutches) 
No 

(bedridden) 

 

Patients OI 298 and OI 343 were two sisters; Patients OI 93, OI 94 and V4 were three sisters; Patients OI 122 and OI 123 were brothers. Gender: 

M = male; F = Female. SDS: Standard deviation score; Weight and length SDS values were calculated respect to Italian growth charts (see text). 

Lumbar Spine BMD: Lumbar Spine Bone Mineral Density. °ND: not detectable for vertebral arthrodesis 

 

Table I. Genetic, Anthropometric and Clinical findings in patients affected by type VI OI at the beginning of the study (n = 10).

Patients OI 298 and OI 343 were two sisters; Patients OI 93, OI 94 and V4 were three sisters; Patients OI 122 and OI 123 were 
brothers. Gender: M = male; F = Female. SDS: Standard deviation score; Weight and length SDS values were calculated 
respect to Italian growth charts (see text). Lumbar Spine BMD: Lumbar Spine Bone Mineral Density. °ND: not detectable for 
vertebral arthrodesis
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returning to <0.045 from day 2 and after that. We found 
a significant decrease in DKK1 (p=0.05) and a non-
significant increase in P1NP levels the day after the first 
transfusion (T1), with a rapid returning to previous levels 
in the following days. Levels of PEDF, P1NP, DKK1 and 
Sclerostin at these points are shown in Fig. 3.

In Table III, we depicted the biochemical findings in 
the 4 Patients with type VI OI that completed the study. 
Bone metabolic markers showed persistently high levels 
of bone ALP, P1NP and  b CTx with normal levels of 
osteocalcin, sclerostin and DKK1. Biochemical markers 
of bone turnover, BMD and fracture rate did not show 
significant changes during the study.

Adverse events 
Only one patient (OI 298) had an urticarial 

reaction after the first transfusion, which resolved 
with antihistamine administration. In the subsequent 
transfusions the patient required premedication with 
antihistamine. In all patients there was a moderate 
improvement in the sense of asthenia.

DISCUSSION

The main limitation of this article is the small 
number of patients that completed the study. First 
of all, this consequence is related to the fact that 
type VI OI is an extremely rare disease, with only 

spine BMD cannot be evaluated because it has 
undergone vertebral arthrodesis. All patients had white 
sclerae, without characteristic facies of typical OI.

Table II shows biochemical findings in patients with 
type VI OI at baseline. Bone metabolic markers showed 
high levels of bone ALP, P1NP and  b CTx with normal 
levels of osteocalcin, sclerostin and DKK1.

All patients had previously performed vitamin 
D and calcium supplements before the study 
and had normal levels of 25 OH vitamin D (>75 
nmol/L). Subjects continued calcium and vitamin D 
supplementation during the study (almost 1000 ui per 
day) and showed normal levels of 25 OH vitamin D, 
Ca, P and Ca/creatinine ratio in urine during the entire 
period of the study. All patients had an age-appropriate 
calcium intake for recommended daily allowances.

Interestingly, all patients showed low levels of 
ferritin before and during the study, despite iron 
supplementation. In all cases the fecal occult blood was 
negative, Giardia lamblia infestation and celiac disease 
were excluded. In some cases we found microcytic 
anemia (OI 298, OI 343, OI 122, OI 123 and OI 63). 

Plasma infusion
PEDF determinations before (T0), 1 (T1), 2 (T2) and 7 

days (T3) after the first plasma infusion (in 5 of 7 patients 
that performed the first infusion) showed an increase from 
<0.045 before infusion to 1.36 ± 0.27 μg/mL at day 1, 
Table II. Biochemical findings in Patients with type VI OI at baseline (n = 10). 
 
Patient Id OI 389 OI 

60 
OI 

298 
OI 

343 
OI 93 OI 

94 
OI 

162 
OI 

122 
OI 

123 
OI 63 M  SD 

PTH pg/mL 11.2 5.8 13.9 5.2 14.2 6.4 8.6 9.3 10.7 7.6 9.3  3.2 

Bone ALP µg/L 87.3 102.
8 

84.1 144.5 17.2 38.0 52.9 81.3 76.3 97.3 78.1  35.6 

Oc nmol/L 8.3 5.9 7.7 9.1 7.1 7.6 8.5 7.8 8.8 6.9 7.8  0.9 

P1NP ng/mL 238 482 217 631 137 221 260    312  176 * 

DKK1 pmol/L 23.5 19.7 22.0 26.2 16.3 34.8 23.8    23.7  5.8 * 

Sclerostin pmol/L 28.0 24.9 40.3 14.5 25.4 25.6 16.1    25.0  9.3 * 

 CTx ng/mL 0.62 0.66 0.65 1.12 0.38 0.95 0.79 0.88 0.98 0.45 0.75  0.24 

Iron µmol/L 16.0 9.2 7.1 6.4 17.9 8.9 12.9 8.7 11.5 9.4 10.7  3.8 

Ferritin pmol/L ** 65.2  44.9 33.7 11.2 112.3 67.4 78.6 47.2 38.2 22.5 52.1  23.6 

*: 7 patients. 
 
 

Table II. Biochemical findings in Patients with type VI OI at baseline (n = 10).

*: 7 patients.
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few patients known in Italy. Moreover, the number 
of patients, sufficient at the time of inclusion in 
such a very rare disease, has reduced from the very 
beginning due to several problems (see Fig. 1). In this 
regard, our small sample size limits the conclusions 
that can be drawn from our data. 

OI has been historically defined as an autosomal 
dominant mutation of the COL1A1 or COL1A2 genes 
impacting type I collagen quantity or quality, but now 
it includes a variety of extracellular matrix processing 
defects or impaired osteoblast differentiation and 
activity. This situation has led to an increase in 
complexity of molecular mechanisms resulting in 
bone fragility, an increase in the number of recognized 
OI types, and several different mouse models in order 
to study the disease (1, 19). 

Studies using animal models have expanded 
the understanding of pathomechanisms of OI and 
developed new treatment approaches, in order to 
address the underlying matrix defect. Different clinical 
trials (21-23) will allow to better develop therapeutic 
strategies (24) and gene targeting approaches 
therapies are also under evaluation. Unfortunately, 
the safety and efficacy of these new approaches in 
children with OI is not yet established (25). Overall, a 
multidisciplinary approach to managing this complex 
disorder is beneficial, having a third level center to 
maximize the patient’s quality of life (26, 27). 

Type VI OI has a clinical and pathogenetic 
behavior, different from other OI types related to type 
I collagen genes, similar to a “metabolic” disease, 

 

Fig. 3. Biochemical determinations before, 1, 2 and 7 days after the first plasma infusion (n patients: 
5). Panel A: PEDF µg/mL; Panel B: P1NP ng/mL; Panel C: DKK1 pmol/L; Panel D: Sclerostin 
pmol/L. T0: before the 1st plasma infusion; T1: 1 day after the 1st plasma infusion; T2: 2 days after 
the 1st plasma infusion; T3: 7 days after the 1st plasma infusion.  *Significantly decreased (p = 0.05) 
respect to T0. 
 

Fig. 3. Biochemical determinations before, 1, 2 and 7 days 
after the first plasma infusion (n patients: 5). Panel A: PEDF 
μg/mL; Panel B: P1NP ng/mL; Panel C: DKK1 pmol/L; 
Panel D: Sclerostin pmol/L. T0: before the 1st plasma 
infusion; T1: 1 day after the 1st plasma infusion; T2: 2 days 
after the 1st plasma infusion; T3: 7 days after the 1st plasma 
infusion. *Significantly decreased (p = 0.05) respect to T0.

Table III. Biochemical findings in the 4 Patients with type VI OI who completed the study (M  SD). 
 
 T0 T4 T5 T6 T7 T8 T9 T10 
PTH pg/mL 9.0  4.2 11.1  6.6 12.3  4.8 11.7  4.7 11.5  6.0 13.4  6.1 13.6  6.7 13.8  4.5 

Bone ALP µg/L 104.5  27.6 95.7  13.8 106.7  33.4 103.0  32.4 104.7  34.1 100.7  36.0 125.0  46.8 107.7  51.8 

Oc nmol/L 7.75  1.36 9.83  4.93 10.20  3.65 10.55  3.24 8.73  3.27 8.90  3.00 8.23  3.58 10.50  2.84 

P1NP ng/mL 392  199 374  115 444  177 378  107 447  164 357  100 385  126 406  266 

DKK1 pmol/L 22.9  2.7 24.7  1.9 19.3  4.1 25.3  10.5 22.6  6.5 24.3  9.7 25.8  3.2 22.1  4.2 

Sclerostin pmol/L 27.6  12.9 24.8  12.9 23.9  5.0 39.4  19.4 22.7  10.0 25.1  10.7 21.5  10.3 23.0  16.6 

 CTx ng/mL 0.76  0.24 0.72  0.15 0.87  0.33 0.85  0.28 0.84  0.39 0.82  0.34 0.72  0.20 0.67  0.19 

Iron µmol/L 9.5  4.5 11.2  8.5 8.0  2.9 9.5  4.8 6.5  3.9 5.7  1.5 5.0  1.8 9.5  5.7 

Ferritin pmol/L 38.8  22.5 43.2  35.2 38.8  32.9 37.6  20.7 41.0  35.8 39.9  28.1 29.2  21.8 42.1  35.7 
 

T0: Before the 1st plasma infusion; T4: before 2nd plasma infusion; T5: - 3rd; T6: - 4th; T7: - 5th; T8: - 6th; T9: - 7th; T10: 6 months after the last plasma 
transfusion. 
 

Table III. Biochemical findings in the 4 Patients with type VI OI who completed the study (M ± SD).

T0: Before the 1st plasma infusion; T4: before 2nd plasma infusion; T5: - 3rd; T6: - 4th; T7: - 5th; T8: - 6th; T9: - 7th; T10: 6 
months after the last plasma transfusion.
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day after the first transfusion, with a rapid return to 
previous levels in the following days. 

The decrease in DKK1 could be an acute effect, 
such a temporary imbalance, due to the administration 
of PEDF and the increase in P1NP a consequence 
of the decrease in DKK1, so these facts may be 
linked together. This is a hypothesis, and we have 
no further data to confirm this possible effect on 
osteoblast function, which is extremely transitory 
and probably with no clinical significance. Although, 
DKK1 behavior could have a role in clarifying the 
relationship between PEDF and the Wnt/β-catenin 
signaling pathway (28). Patients who completed the 
study had no significant changes in bone metabolism 
markers and BMD. 

Our results gave us the idea that two factors have 
proved to be important, the lack of persistence over 
time of circulating levels of PEDF and the importance 
of time action of the factor. Although, to ensure a 
normal bone metabolism and a healthy state should 
the PEDF be kept only at higher circulating levels? 
Would it be enough to supply larger quantities or is 
the rapid return to non-dosable values a problem of 
inactivation/degradation?

Probably the problem is that the level found in 
normal is the result of a continuous production or a 
continuous entry into circulation of a factor that has 
perhaps already carried out its function at the local 
level. The circulating factor is nothing more than 
a mirror of that produced by the liver and locally 
by osteoblasts, and the “endocrine” function is not 
sufficient in itself. The action rather than endocrine 
must be paracrine or autocrine (29), keeping in mind 
that the importance of the site of production and action 
is probably more relevant than a possible endocrine 
mechanism (30). Bioavailability, delivery to the site 
of action, interaction with the “receptor” or other 
metabolic factors could be essential. We postulated 
an endocrine action in the formulation of the study, 
but this is probably not the correct pathogenetic 
mechanism to improve the disease severity (31).

A patient’s age is probably also an important variable in 
the phase of cell differentiation and skeletal development. 
Perhaps the small quantity early in life (i.e. in the fetal/
neonatal period) is sufficient to have an action, not so even 
higher doses but in older ages (32, 33).

such as clinically normal at birth, onset of fractures 
during the first year of life and increasingly severe 
skeletal changes in pediatric age (see Table I).

In type VI OI patients, PEDF is absent at cellular 
and serum levels. In unaffected parents (genetically 
heterozygotes) PEDF circulating levels are low but 
sufficient for normal bone metabolism and a healthy 
state (17). 

PEDF is a secreted protein that is primarily 
produced in the liver, and at lower levels in bone; it 
was hypothesized that restoration of circulating PEDF 
levels may correct the bone phenotype in OI type VI, 
but remains unclear whether it acts in a paracrine/
intracrine or endocrine way. 

In our patients (5), parents of three sisters, 
heterozygous carriers of the SERPINF1 null mutation, 
had, as expected, lower-than-normal levels of serum 
PEDF. They were healthy, had average stature, 
normal lumbar spine BMD, and were without skeletal 
problems or bone fractures. In particular, the mother 
had a PEDF level of 1.0 µg/mL, low but apparently 
sufficient to protect bone of the daughters during 
pregnancy and the first months of life. The behavior of 
the disease in the first months of life of patients could 
probably be linked to the positive effects of maternal 
PEDF, although there is not proof that PEDF may 
cross the placental barrier. 

In light of this suggestion, we carried out the study 
keeping in mind that very low circulating PEDF could 
be sufficient to improve the clinical and pathogenetic 
picture to correct some skeletal aspects. In calculating 
PEDF quantity, we thought to reach a similar 
concentration to the levels found in heterozygotes 
(about 1.0 µg/mL).

In our study, the PEDF levels increased as desired 
(from indetectable to more than 1.0 µg/mL) but 
immediately returned to undetectable values (see Fig. 
3). Unfortunately, the obvious consequence was that 
bone metabolism markers and BMD did not change 
during the treatment period (see Table III), having 
treatment with plasma virtually useless.  Maybe we 
could suggest more close administration over time, 
probably with more significant quantities of plasma, 
and therefore of PEDF. The only effect found, very 
fleeting although, was a substantial decrease in DKK1 
and a non-significant increase in P1NP levels the 
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