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Abstract
Objectives Evaluation of an ex vivo porcine model to investigate the influence of periodontal instrumentation on soft tissue.
Material and methods In each of 120 pig mandibles, one molar tooth was chosen at random and instrumented. For
subgingival debridement, two different low abrasive airpolishing powders (glycine d90 = 25 μm, erythritol d90 =
14 μm, n = 30 teeth each), curets, and a piezoelectric ultrasonic scaler were used (n = 30 teeth each). Thirty teeth in
30 other mandibles served as the untreated control. Gingival biopsies were histologically assessed for destruction using a
four-graded scale.
Results The porcine model was deemed suitable for the planned investigation. Hand instrumentation and ultrasonic
scaling caused higher tissue damage than both low abrasive airpolishing modes (Fisher’s exact test, p = 0.0025).
Glycine powder led to less, yet non-statistical noticeable gingival changes compared to erythritol-based powder
(Fisher’s exact test, p = 0.39).
Conclusion An animal model using pig jaws may be used as a preliminary model to analyze histological effects of periodontal
instrumentation in advance of studies performed in human tissues. Among the techniques assessed, low abrasive airpolishing
(LAA) caused the smallest tissue damage.
Clinical relevance To avoid gingival damage using LAA, histological observations of gingival tissue are needed. Since numerous
powders for LAA have been developed and it may be expected that additional products will follow, it appears to be useful to
establish ex vivo animal models to prove the powders safety.
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Introduction

In supportive periodontal therapy (SPT), biofilm removal
plays a pivotal role. In most treatment settings, hand instru-
ments or oscillating scalers are used to fulfill this task [1]. As

an alternative, low abrasive airpolishing (LAA) has been de-
veloped to make the treatment easy while allowing gentle
debridement [2]. Potential harmful effects of airpolishing on
oral tissues have been addressed earlier [3–9]. Nevertheless,
data comparing the effect of various low abrasive media on
oral soft tissue is rare, as since the inauguration of LAA in
2003, numerous new products such as powders consisting of
erythritol, tricalcium phosphate, trehalose, aluminium triox-
ide, and hydroxyapatite have been introduced.

Using live animals or working on human patients in re-
search to date leads to a rise in costs and complicates obtaining
new knowledge. Scrutinizing animal models instead may fa-
cilitate determination of safety and efficacy of new therapies
[10–12]. Among animal tissues, porcine buccal gingiva ob-
tained from abattoirs bears excellent histological resemblance
when compared to human oral tissue [13]. Therefore, the in-
tention of this study was to establish and evaluate the usability
of a porcine periodontal treatment model for LAA and to
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histologically evaluate the influence of various modes of
instrumentation.

Material and methods

Instrumentation and biopsy

Pig mandibles were obtained from Erlangen abattoir,
processed within 6 h after sacrifice and kept under con-
stant temperature of 8 °C. The buccal aspect of one molar
was chosen randomly and the jaw was fixed in a mount-
ing device allowing controlled instrumentation. Each
treatment was applied to another mandible and one tooth
per mandible was analyzed to maintain an independent set
of the observations.

Four modes of instrumentation were investigated.
Group A: LAA using glycine powder with a mean grain
size of d90 of 25 μm (EMS Perio Powder, EMS, Nyon,
Switzerland). Group B: LAA using erythritol powder with
mean grain size of d90 of 14 μm (EMS Plus Powder). In
groups A and B, an airpolishing unit type EMS Air Flow
Master was used with a standard handpiece. The tip was
held at a distance of 5 mm to the gingival tissue in a
constantly sweeping manner for 5 s with the jet aimed
into the gingival crevice as if removal of subgingival bio-
film was intended. In group C, a piezoelectric scaler with
a slim tip at medium power and water setting was used
with the tip angulated parallel to the root surface at a
pressure of approx. 1 N for 10 s (EMS Piezon Master
Tip PS8LL). In group D, hand instruments using a 7/8
Gracey Curet (Deppeler, Rolle, Switzerland) were applied
with five strokes with a pressure of approximately 3 N
[14]. Untreated biopsy samples served as negative control
(group E).

Following instrumentation, the soft tissue alongside the
tooth was removed using a 15c blade scalpel. Incisions were

performed avoiding contact of the blade to the oral sulcular or
junctional epithelium (Fig. 1).

The tissue was stored in 4% formalin in 0.1 mM PO4-
buffered saline (PBS, pH = 7.4). Formalin was washed
out with water for 24 h. Samples were then dehydrated
by increasing alcohol concentration. Alcohol was
displaced by inserting samples into cedar/paraffin mix-
ture, saturated for 24 h at 60 °C in three passes in par-
affin, and embedded in block forms. Serial sections of
the biopsies (thickness 8 μm) were applied to slides and
stained with azan and hematoxylin eosin. Light micro-
scopic evaluation criteria were applied to compare be-
tween test and control groups using signs of cell and
tissue damage of the gingival epithelium or the oral junc-
tional epithelium and the lamina propria. The blinded
investigator assigned the sections according to the pres-
ent state of the biopsies using a graded scoring system
[4] (Table 1).

Statistical analysis

Based on previous investigations [3, 4], 30 samples per group
were considered to be sufficient to allow a meaningful data
interpretation. To assure independent samples and avoid clus-
tered data, each treatment was applied to a single tooth, and
each tooth resp soft tissue specimen was taken from a new pig
jaw.

During study initiation, the pathologist was trained by
performing double scorings on 15 randomly chosen samples.
The weighted kappa coefficient was calculated to determine
the reproducibility of the readings resp the level of intra-rater
agreement [15].

Standard descriptive statistical analyses were per-
formed. Categorical variables are reported as absolute
and relative frequencies. The global dependency of
mode of therapy and degree of tissue damage was eval-
uated using Fisher’s exact test. Pairwise comparisons
between the treatment groups were performed using
again Fisher ’s exact tests (SAS software 9.4 for
Windows, SAS Institute, Cary, USA). Due to the ex-
plorative nature of the study, all p values are not con-
firmatory and have to be interpreted in an exploratory
sense. Consequently, no significance levels were defined
and no adjustment for multiplicity was performed.
Therefore, small p values were considered as statistical-
ly noticeable.

Data availability The raw data used for the statistical analysis
may be accessed at www.osf.io . using the following
reference:

Petersilka, G. (2017, October 6). Effect of Low Abrasive
Airpolishing on the Gingiva using an Ex Vivo PorcineModel.
Retrieved from osf.io/xeayd.Fig. 1 Pig jaw after specimen retrieval
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Results

Specimen retrieval as well as histological proceeding was
possible without unwanted or unexpected effects. For the per-
formed double assessment, the weighted kappa coefficient
was estimated being 0.69 and indicated a good agreement
between the two measurements. The overall impact of the
various modes of instrumentation on the soft tissue is depicted
in Fig. 2. A general difference could be detected between the
various modes of instrumentation (p = 0.0025).

As seen by the frequency of specimens with a code two and
three, hand instrumentation (p = 0.0067) and ultrasonics (p =
0.0071) generated noticeable tissue damage followed by
erythritol (p = 0.037) and glycine (p = 0.25) if compared to
untreated control. Among LAA, use of glycine showed a low-
er frequency of relevantly damage if compared to erythritol,
but this difference was not statistically noticeable (p = 0.39).
None of the specimens in the glycine group was given a dam-
age score of two or three. Interestingly, 63% of specimens in
this groups (n = 19) were scored undamaged while 11 were
given a damage score of 1.

Hand instrumentation led to the most pronounced
damage with four specimens showing a destruction

degree of code three. Ultrasonics was slightly less trau-
matic than hand instrumentation with only one tissue
section showing a destruction with complete removal
of epithelium and basal membrane leading to exposi-
tion of connective tissue (degree three). However, the
observed difference was not statistically noticeable
(p = 0.35).

In the untreated control group, six samples (29%) ex-
hibited a score of 1 indicating a slight damage of the
superficial epithelium. All modes of instrumentation
allowed debridement without relevant signs of tissue dam-
age as indicated by the accumulated number of specimens
with scores of 0 and 1 leaving the basal membrane un-
damaged (Fig. 2). Representative images of biopsies are
depicted in Fig. 3.

Discussion

To date, it seems worthwhile to develop model situations
reflecting the human clinical situation as much as possi-
ble on a responsible ethical standard by avoiding vivisec-
tion [3, 16]. Within our model, we found results in accor-
dance and comparable to those recognized in human stud-
ies performed earlier, such as hand instrumentation being
the most traumatic mode of instrumentation [4]. For the
use of glycine powder in humans, Petersilka et al. found
in 2008 a frequency of 30% of specimens with undam-
aged epithelium and 70% of specimens with superficial
damage. For the glycine powder approach used here, the
corresponding frequencies of damage degrees were 40
and 60% respectively. Nevertheless, the overall magni-
tude of tissue damage appeared to be slightly lower when
compared to that of the human situation. One reason for
that might be the slightly different thickness of the por-
cine gingival epithelium [13] as well as its degree of
keratinization.

From a clinical point of view, the data generated may
underline the overall low potential of soft tissue damage
generated by LAA. It was interesting to note, however,
that the two low abrasive powders assessed showed minor
differences in their abrasive behavior. In conclusion, with-
in its limits, the chosen ex vivo porcine model seems
suitable for further assessing and comparing the influence
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Fig. 2 Stacked bar diagram showing the distribution of tissue damage
scores within the assessed groups

Table 1 Scoring system of tissue
damage adapted to Petersilka et
al. 2008 [4]

Score Microscopic detectable tissue damage

0 No lesion: undamaged epithelium and connective tissue

1 Minor lesion: disruption of superficial epithelial layers, undamaged basal membrane

2 Medium lesion: superficial layers of the epithelium removed, basal membrane partially damaged

3 Severe lesion: epithelium and basal membrane completely removed, connective tissue exposed
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of periodontal debridement procedures on gingival tissue.
It appears to be justified to use this approach in further
research.
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Fig. 3 a–d Histological specimen showing tissue damage grade (HE
staining, 50 fold magnification). a Specimen of area treated with
glycine powder (group A) indicating slight damage of the superficial
epithelial area (damage degree 1). b Specimen of area treated with
erythritol powder (group B) indicating a slight damage of the

superficial epithelial area (damage degree 1). c Specimen of area treated
with piezoelectric ultrasonic scaler (group C) indicating partial removal of
the epithelium and damage to the basal membrane (damage degree 2). d
Specimen of area treated with Gracey Curet (group D) indicating exposed
connective tissue (damage degree 3). e Untreated specimen

2672 Clin Oral Invest (2018) 22:2669–2673



Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Petersilka GJ, Ehmke B, Flemmig TF (2002) Antimicrobial effects
of mechanical debridement. Periodontol 2000 28(1):56–71

2. Petersilka GJ (2011) Subgingival air-polishing in the treatment of
periodontal biofilm infections. Periodontol 2000 55(1):124–142

3. Kozlovsky A, Artzi Z, Nemcovsky CE, Hirshberg A (2005) Effect
of air-polishing devices on the gingiva: histologic study in the ca-
nine. J Clin Periodontol 32(4):329–334

4. Petersilka G, Faggion CM Jr, Stratmann U, Gerss J, Ehmke B,
Haeberlein I, Flemmig TF (2008) Effect of glycine powder air-
polishing on the gingiva. J Clin Periodontol 35(4):324–332

5. Kontturi-Närhi V, Markkanen S,Markkanen H (1989) The gingival
effects of dental airpolishing as evaluated by scanning electron
microscopy. J Periodontol 60(1):19–22

6. Mishkin DJ, Engler WO, Javed T, Darby TD, Cobb RL, Coffman
MA (1986) A clinical comparison of the effect on the gingiva of the
Prophy-Jet and the rubber cup and paste techniques. J Periodontol
57(3):151–154

7. Hunter KM, Holborow DW, Kardos TB, Lee-Knight CT, Ferguson
MM (1989) Bacteraemia and tissue damage resulting from air
polishing. Br Dent J 167(8):275–288

8. Bühler J, Amato M, Weiger R, Walter C (2016) A systematic re-
view on the effects of air polishing devices on oral tissues. Int J
Dent Hyg 14(1):15–28

9. Herr ML, DeLong R, Li Y, Lunos SA, Stoltenberg JL (2017) Use of
a continual sweep motion to compare air polishing devices, pow-
ders and exposure time on unexposed root cementum. Odontology
105(3):311–319

10. Arnold CR, Kloss F, Singh S, Vasiljevic D, Stigler R, Auberger T,
Wenzel V, Klima G, Lukas P, Lepperdinger G, Gassner R (2017) A
domestic porcinemodel for studying the effects of radiation on head
and neck cancers. Oral Surg Oral Med Oral Pathol Oral Radiol
123(5):536–543

11. Schwarz F, Sculean A, Engebretson SP, Becker J, Sager M (2015)
Animal models for peri-implant mucositis and peri-implantitis.
Periodontol 2000 68(1):168–181

12. Sculean A, Chapple IL, Giannobile WV (2015) Wound models for
periodontal and bone regeneration: the role of biologic research.
Periodontol 2000 68(1):7–20

13. Sa G, Xiong X, Wu T, Yang J, He S, Zhao Y (2016) Histological
features of oral epithelium in seven animal species: as a reference
for selecting animal models. Eur J Pharm Sci 81(1):10–17

14. Zappa U, Smith B, Simona C, Graf H, Case D, KimW (1991) Root
substance removal by scaling and root planing. J Periodontol
62(12):750–754

15. Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33(1):159–174

16. Sweatman J (2003) Good clinical practice: a nuisance, a help or a
necessity for clinical pharmacology?Br J Clin Pharmacol 55(1):1–5

Clin Oral Invest (2018) 22:2669–2673 2673


	Evaluation of an ex vivo porcine model to investigate the effect of low abrasive airpolishing
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Instrumentation and biopsy
	Statistical analysis

	Results
	Discussion
	References


