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Abstract
Background: This study aimed to evaluate the long-term effectiveness of
regenerative treatment of intra-bony defects in combination with consecutive
orthodontic therapy (OT) in stage IV periodontitis.
Methods: Twenty-two patients with a total of 256 intra-bony defects were ana-
lyzed after regenerative surgery followed byOT initiated 3months later. Changes
in radiographic bone level (rBL) and probing pocket depths (PPD)were evaluated
after 1 year (T1), final splinting (T2), and 10 years (T10).
Results: Mean rBL gain was significant with 4.63 mm (±2.43 mm) after 1 year
(T1), 4.19 mm (±2.61 mm) at final splinting (T2), and 4.48 mm (±2.62 mm) after
10 years (T10). Mean PPD was significantly reduced from 5.84 mm (±2.05 mm)
at baseline to 3.19 mm (±1.23 mm) at T1, to 3.07 mm (±1.23 mm) at T2, and to
2.93 mm (±1.24 mm) at T10. Pocket closure (PPD ≤ 4 mm) was achieved in 90%
of all defects. Tooth loss amounted to 4.5%.
Conclusions: Within the limitations of this retrospective study design, these
10-year findings suggest that in motivated and compliant patients with stage
IV periodontitis and in need of OT an inter-disciplinary treatment can lead to
favorable and stable long-term results.

KEYWORDS
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1 INTRODUCTION

Stage IV periodontitis is characterized by similar sever-
ity and complexity as stage III periodontitis in terms
of attachment loss, vertical bone loss, and periodontal
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inflammation. However, adding to the severity and
complexity in stage IV periodontitis the presence of
pathologic tooth migration (PTM)1 with drifting and
flaring of the remaining teeth, hypermobility and sec-
ondary occlusal trauma, bite collapse, and masticatory
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dysfunction requires a complex rehabilitation.2 Patients
affected by such a condition are interested to seek
orthodontic treatment because of the functional and
esthetic changes caused by PTM.3 An interdisciplinary
approach of comprehensive periodontal and orthodontic
therapy (OT) is needed to control periodontal infection,
reconstruct the defects, and realign the migrated teeth in
order to regain and stabilize function and esthetics for the
patients.4,5
OTwith fixed appliances does not seem tohave clinically

adverse effects on clinical attachment levels in healthy
patients or in successfully treated periodontitis patients.6–8
However, only limited data exist on the combined treat-
ment of periodontal therapy and OT in patients with stage
IV periodontitis.9,10
The recently published EFP S3 level clinical prac-

tical guideline (CPG) for the treatment of stage IV
periodontitis11 gives guidance for these complex inter-
disciplinary therapies based on explicitly commissioned
reviews with regard to quality and strength of evidence.
In a structured consensus process a concise treatment
algorithm and specific evidence-based and expert-based
recommendations were adopted for the interdisciplinary
treatment for patients in need of OT diagnosed with stage
IV periodontitis (case type 2). As emphasized in the EFP S3
CPG tooth retention should be considered first in the long-
term management of stage IV periodontitis. Accordingly,
given the value of regenerative procedures in intra-bony
defects,12–17 the EFP S3 CPG recommends the combina-
tion of regenerative therapy and consecutiveOT in patients
with stage IV periodontitis presenting with intra-bony
defects and in need of OT.11 Concerning the timing of OT
following periodontal regenerative therapy – based on two
recent clinical studies 18,19 – the EFP S3 CPG recommends
a time interval between 4 weeks and 6 months.11
However, there is still only limited data on the long-

term outcomes of such a combined therapy.20,21 In these
two studies, OT was initiated much later (12 months after
surgery) and they either reported on a small number of
regeneratively treated defects20 or did not distinguish in
their outcomes between defects treated either in a resec-
tive or regenerative way before consecutive OT.21 Thus,
although both studies presented encouraging long-term
results the effect of a combined regenerative-orthodontic
treatment approach in line with the current recommenda-
tions cannot be fully appreciated.
Therefore, the aim of this retrospective analysis was

to evaluate the long-term effectiveness and stability after
10 years of regenerative treatment of a large number of
intra-bony defects at migrated teeth in combination with
early consecutive OT in stage IV periodontitis.

2 MATERIALS ANDMETHODS

2.1 Study design and patients

This retrospective analysis included data from a 10-year
follow-up of patients presenting with severe periodonti-
tis and PTM (stage IV periodontitis).2 All of them had
been treated by an interdisciplinary approach in a peri-
odontal specialty practice (C.T.) in Aachen, Germany. The
interdisciplinary treatment consisted of a comprehensive
periodontal therapy including regenerative periodontal
surgery and consecutive orthodontic tooth movement
in the period of 2001 and 2010 as previously reported
for 27 patients after 2–4 years.18 Twenty-two patients
were still available 10 years after regenerative surgery,
while 5 patients were lost to follow-up because they had
either moved, had returned to their referring dentist, or
had died.
The study was conducted in accordance with the

Helsinki Declaration (version 2008) and approved by the
Ethics committee of the University of Bonn (#16/23).
Patients had given their written informed consent for a ret-
rospective evaluation of their clinical and radiographical
data.
Inclusion criteria for the analysis were:

- Successful steps 1 and 2 of periodontal therapy:
adequate oral hygiene and control of inflamma-
tion: full-mouth plaque score (FMPS) of ≤15% and
full-mouth bleeding score (FMBS) of ≤15%

- one- or two-wall intra-bony defects with indication
for periodontal regenerative therapy

- PTM due to destruction of periodontal tissues
- orthodontic tooth movement starting 3 months after
surgery

- clinical and radiographic data of a continuous follow-
up for 10 years after regenerative surgery.

Exclusion criteria were:

- non-compliance to maintenance protocol
- incomplete probing or radiographic data
- additional periodontal or maxillofacial treatment in
the areas of interest.

Patients with systemic diseases (i.e., controlled diabetes)
and smokers were not excluded.
Based on these criteria, 22 patients with a total of

256 regeneratively treated intra-bony defects and consec-
utive orthodontic tooth movement were included in the
analysis.
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2.2 Treatment

2.2.1 Regenerative periodontal surgery

Regenerative surgery of teeth with intra-bony defects was
performed by one single experienced periodontist (C.T.)
after successful anti-infective therapy and orthodontic
consultation in the period of 2001–2010. Surgical regener-
ative procedures were performed under local anesthesia as
previously described,13,18 vertical releasing incisions were
avoided by extending flap design to adjacent teeth, api-
cal split flap preparation was only performed if needed
for primary tension-free flap closure. After debridement
of the defect the biomaterial was chosen depending on
the configuration of the intra-bony defect. To prevent
a soft-tissue collapse into the defect a bone filler was
used (DBBMc, Bio Oss Collagen; Geistlich, Wolhusen,
Switzerland). If the graft material was at risk for disloca-
tion in non-contained defects, a collagen membrane (Bio
GidePerio; Geistlich, Wolhusen, Switzerland) was applied
without pin or suture fixation. Enamel matrix deriva-
tive (EMD, Emdogain; Straumann, Basel, Switzerland)
was applied in contained defects to enhance periodon-
tal wound healing. Primary tension-free closure of the
coronally positioned flap was achieved by modified hori-
zontal mattress sutures and additional single interrupted
sutures for papilla adaptation (6-0 Monofilament single
sutures Premilene USP6/0-DS13, B. Braun, Tuttlingen,
Germany; Seralene USP6/0-DS12 SeragWiessner, Naila,
Germany; SeraleneUSP6/0-DS15; SeragWiessner, Naila,
Germany).
A strict anti-infective protocol postoperatively was

advised to the patient including the rinse with 0.2%
chlorhexidine solution three times a day and absten-
tion from mechanical tooth cleaning in the surgically
treated areas for 4 weeks or until complete wound heal-
ing. Antibiotics were prescribed at the discretion of the
surgeon.
Sutures were removed after 10–14 days depending on

individual wound healing progression.

2.2.2 Orthodontic therapy

Early orthodontic consultation was performed within the
context of step 2 of periodontal therapy to define the
individual interdisciplinary treatment options. For best
stabilization of the clot and graft during and after regener-
ative therapy, the type of splinting was chosen with regard
to the grade of tooth mobility.22 In cases of increased tooth
mobility (>grade II) of multiple adjacent teeth, passive
fixed orthodontic appliances were inserted prior to peri-
odontal surgery. This applied to nine patients. Otherwise,

if not needed during surgery for stabilization, removable
acrylic splints or semi-permanent lingual retainers were
used to facilitate best stabilization of the blood clot and
graft after regenerative surgery.
Active orthodontic tooth movements with low forces

andmoments started 3 months after periodontal regenera-
tive surgery, using fixed orthodontic appliances (straight-
wire-technique) in all patients performed by one and
the same experienced orthodontist. In brief, orthodon-
tic movement was started with a 0.012 nickel-titanium
(Ni-Ti) wire, followed by the alignment with the sequence
of 0.014 Ni-Ti, 0.016 Ni-Ti, 0.018 Ni-Ti, and 0.016*0.016
stainless steel wire. A 0.0175-inch seven time twist flex in
the upper jaw and a 0.0155 inch seven time twist flex in the
lower jaw were used as fixed retainers and controlled on a
regular basis.
Active OT was considered completed when the pre-

defined treatment goals for aesthetic and function in each
patient had been achieved. Time span of active orthodontic
tooth movements was determined by the individual extent
of treatment needs of the patient and varied from 10 to
31 months with a mean duration of 22 months.
Stabilization of treatment outcomes was accomplished

either by fixed bonded retainers (10 patients), remov-
able splints (9 patients) which also served as a night-
guard because of bruxism, or a combination of both
(3 patients).

2.2.3 Supportive periodontal therapy

After periodontal surgery, supportive periodontal therapy
(SPT) startedwith a tight interval of 4weeks up to 3months
during the period of OT. Control of inflammation was
accomplished by cautious professional tooth cleaning and
oral hygiene reinforcement with particular emphasis on
teeth undergoing orthodontic intrusive movements.
After completion of active OT periodontal supportive

care was provided corresponding to individual patient‘s
need with a minimum recall interval of three times a year
during the observation period of 10 years.

2.3 Outcomes

2.3.1 Clinical and radiographic
measurements

Clinical and radiographic measurements were assessed
as previously described.18 In brief, probing pocket depths
(PPD) at four sites per tooth and periapical radiographs
were taken preoperatively. During surgery, the tooth site
measured with the most advanced bone loss mesially or
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TIETMANN et al. 1179

F IGURE 1 Chronical sequence of treatment and examinations (T0, T1, T2, T10).

distally (distance between the cemento-enamel junction or
restoration to the bottom of the defect) became the target
site. Intra-operative bone level (BL) was used for calibra-
tion of the pre-operative periapical radiograph by using the
overall tooth length as a reference length, as previously
described.13
After calibration, the radiographs were analyzed using

ImageJ Software (Version 1.43u, National Institutes of
Health, Bethesda, Maryland, USA) by a trained and cal-
ibrated examiner (H.H.) who was not involved in the
surgeries.
Complete clinical and radiographic data at all time-

points were obtained from 256 defects in 22 patients. PPD
was recorded at baseline and every year during supportive
periodontal care, radiographic BL (rBL) at baseline (T0),
1 year (T1), at final splinting (T2), and 10 years (T10) after
surgery. (Figure 1).

2.4 Statistical analysis

All statistical analyses were performed using the statistical
software R, version 3.6.3 (R Core Team, 2020).23 Change of
rBL was the primary outcome parameter, change in PPD
and frequency of pocket closure (sites with PPD≤4 mm)
served as secondary outcomes. Descriptive analysis was
outlined for rBL and pocket probing depth (PPD) with
change over time for the four time points T0, T1, T2, and T10
on defect and patient level and for the most severe defect
per patient by means and standard deviations per defect as
well as per patient.
Comparisons of rBL and PPD between time points

were analyzed by a Wilcoxon signed-rank test; a Wilcoxon
signed-rank test for clustered datawas used to take possible
clustering within patient into account.24
To compare the BL gain and pocket closures between

time points a logistic regression with time as fixed and
patient and defect as random effects was run.

To explore the effect of explanatory variables “smoking”,
“full-mouth-bleeding and plaque scores” at T10 a multi-
level analysis was conducted using a mixed effect linear
regressionwith patient as random factor and “radiographic
bone at baseline” as covariate. p-values were derived with
the Satterthwaite method.25 The level of significance of
each test was set to 0.05. Starting from the minimal model
with rBL at T0 as only fixed effect, first models were
run with only one more fixed effect included. Variables
were only retained if significant and interaction term was
only tested if the main effect was significant. Then, only
variables were added if they showed a significant improve-
ment of the model.
Since adjunctive antibiotic treatment had not shown

any additional effect as previously described,18 no fur-
ther statistical investigation of the 10-year data was
performed.
Statistical analyses of the clinical and radiographic data

were performed by an independent expert biostatistician.

3 RESULTS

3.1 Patient and defect characteristics

For all 22 patients included in this analysis data up to
10 years postoperatively was available. All of them were
diagnosed with stage IV periodontitis and -based on calcu-
lation of percentage bone loss/age baseline – with Grade C
except for three patientswithGradeB. The collection of the
10-year follow-up data were completed by April 2022. All
of the patients had shown full adherence to the scheduled
appointments of supportive therapy during the observa-
tion period of 10 years. The number of defects per patient
ranged from 4 to 15 with an average of 11 defects. In total,
34.2% were one-wall defects while 65.8% were two-wall
defects. At baseline, mean radiographic BL of 268 defects
was 8.33 ± 2.45 mm. Tooth loss at T2 amounted to 1.2%
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1180 TIETMANN et al.

TABLE 1 Patient and defect characteristics at baseline (T0).

N patients 22
Female sex 59.1% (13)
Mean age (range) 43.9 (29–62) years
Smokers 9.1% of patients (8.21%

of all defects)
N defects 268 baseline 256 complete cases

10 years
Single-rooted teeth 165/61.57% 165/64.45%
Multi-rooted teeth 103/38.43% 91/35.55%
Mean bone level all 8.33 ± 2.45 mm 8.32 ± 2.49 mm
Two wall defects 176/65.47% 171/66,80%
One wall defects 92/34.33% 85/33,20%
DBBMc 90/33.58%
DBBMC + CM 62/23.13%
DBBMC + EMD 46/17.2%
DBBMc + CM + EMD 35/13%
EMD 35/13%

Abbreviations: CM, collagen membrane; DBBMc, collagenous demineralized bovine bone mineral; EMD, enamel matrix derivative.

(3 teeth in two patients) and at T10 to 4.5% (12 teeth in
eight patients) due to endodontic complications (5 teeth)
and root fracture (7 teeth). No tooth loss was observed at
T1. Hence, complete observation data at T10 were present
for 256 defects with a mean radiographic BL at baseline of
8.32 ± 2.49 mm. DBBMc alone was used in 33.58% of the
defects, whereas in 23.13% of the defects DBBMc + CM
was applied, DBBMc + EMD was used in 17.2% of the
defects andDBBMc+CM+EMD in 13.0% of defects. EMD
alone was applied in 13% of the defects. Patient and defect
characteristics are presented in Table 1.

3.2 Outcomes

Surgeries and soft tissue healing were generally unevent-
ful. None of the patients developed any major compli-
cations. There were no allergic reactions, suppuration,
or abscesses. Minor complications such as postoperative
swelling and pain in the surgically treated area resolved
within a few days after surgery. In the rare case of
wound dehiscencies, no further complications of wound
healing could be observed following reinforcement of post-
operative intensive clinical care. Representative examples
of treated patients included in the present analysis are
illustrated in Figures 2 and 3.
The analysis of the primary outcome-change in radio-

graphic BL over time of 256 defects revealed a significant
gain in rBL with 4.63 mm (±2.43 mm) (p < 0.0001) at
T1, 4.19 mm (±2.61 mm) at T2 (p < 0.0001) and 4.48 mm
(±2.62 mm) (p < 0.0001) at T10. Change in radiographic

BL on patient level was comparable to the analyzed data
on defect level. When looking at the deepest defect per
patient rBL gain was even more evident (p < 0.0001)
(Table 2A and B; Figure 4A–C).26
As previously reported,18 different treatment modali-

ties did not show any impact on rBL change over time
(Figure 4D).
Mean PPD was significantly reduced at T1, with further

reduction at T2 and T10 (p < 0.0001). Mean PPD reduction
was even more pronounced when looking at the deepest
defect and statistically significant (p < 0.0001) at all time
points. The frequency of sites with PPD ≤ 4 mm improved
from 33% at baseline (T0) to 87% at T1, to 86% at T2, and
remained stable with 90% at T10 (Table 2C and D).
A multilevel analysis showed that only smoking

(p= 0.017) was significant when added as a single variable
to the minimal model only containing rBL at baseline,
however, not in interaction with the rBL at T0 (p = 0.564).
Adding other variables such as plaque at T10 or BOP at T10
did not show any significant improvement. For smokers
the change of rBL was on average less from T0 to T10
(p = 0.017). The results of the final model are presented as
Table A1 in the appendix.

4 DISCUSSION

The 10-year data of this retrospective clinical cohort study
reveal the long-term effectiveness of a combined regener-
ative and orthodontic treatment in patients with stage IV
periodontitis.
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TABLE 2 (a) Mean radiographic bone level (rBL) ± standard deviation (mm) and confidence intervals (CI in the format mean) over time
(T0 = baseline, T1 = 1 year, T2 = final splinting, T10 = 10 years) calculated for patients and defects with different length of follow-up (b)
p-values for testing rBL between time points (statistics Wilcoxon signed-rank test from the R-library coin version 1.3.1 [Hothorn et al., 2008])
(c) Frequency distribution of residual PPD for all defects N = 256, complete observation time (d) p-values for testing proportion of pocket
closure (pc) between time points (statistics: Logistic regression with time as fixed and patient and defect as random effects)

(a) N T0 T1 T2 T10
rBL per defect
(n = 268)

268 8.33 ± 2.45 CI
(8.03, 8.62)

3.66 ± 1.92 CI
(3.42, 3.89)

NA ± NA NA ± NA

rBL per defect in
complete cases
(n = 256)

256 8.32 ± 2.49 CI
(8.01, 8.62)

3.69 ± 1.94 CI
(3.45, 3.93)

4.13 ± 2.01
CI (3.88,
4.38)

3.84 ± 2.10 CI
(3.59, 4.10)

rBL per patient
(n = 22)

22 8.36 ± 1.24 CI
(7.81, 8.91)

3.53 ± 1.30 CI
(2.95, 4.10)

4.02 ± 1.24
CI (3.47,
4.57)

3.64 ± 1.29 CI
(3.07, 4.22)

rBL deepest defect
per patient (n = 22)

22 12.27 ± 3.09 CI
(10.90, 13.64)

5.15 ± 2.49 CI
(4.05, 6.26)

5.35 ± 2.49
CI (4.11,
6.59)

5.48 ± 2.76 CI
(4.26, 6.71)

(b) p-Values for testing BL between time points
T0.T1 T1.T2 T2.T10 T0.T10 T1.T10

rBL per defect,
complete cases
(n = 256)

1.31e−05 0.018 0.012 1.55e−05 0.97

rBL per patient
(n = 22)

4.77e−07 0.0042 0.074 4.77e−07 0.42

rBL deepest defect
per patient (n = 22)

4.77e−07 0.51 1.00 4.77e−07 0.40

(c)
PPD (mm) Baseline T0 T1 T2 T10
≤4 85 (33.20%) 223 (87.11%) 220 (85.94%) 230 (89.84%)
5 27 (10.55%) 18 (7.03%) 18 (7.03%) 12 (4.69%)
6 48 (18.75%) 10 (3.91%) 17 (6.64%) 11 (4.30%)
7 37 (14.45%) 2 (0.78%) 0 (0.00%) 0 (0.00%)
8 38 (14.84%) 3 (1.17%) 1 (0.39%) 2 (0.78%)
9 9 (3.52%) 0 (0.00%) 0 (0.00%) 1 (0.39%)
10 6 (2.34%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
11 6 (2.34%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
(d) Comparison p-Value
pc0 – pc1 <1e−05
pc0 – pc2 <1e−05
pc0 – pc10 <1e−05
pc1 – pc2 0.262
pc1 – pc10 0.649
pc2 – pc10 0.117

Regenerative periodontal treatment with consecutive
early orthodontic tooth movement led to significant rBL
gain 10 years postoperatively, as demonstrated by mean
rBL gain of 4.48 mm as well as pocket closure in 90% in
a large number of teeth severely compromised by intra-
bony defects and PTM. The long-term data compare well
with the results of our former report with data of 2–4 years
observation time18 and are a proof for the feasibility of

successful retention of the natural dentition in an adequate
state of health and function. While the mean radiographic
bone gain at final splinting T2 dropped slightly to 4.19 mm,
it advanced again to 4.48 mm at T10. The slightly reduced
mean bone gain at T2 may be explained by the fact that
bone remodeling due to orthodontic tooth movements is
still not accomplished at final splinting.However, the clini-
cal findings of a continuous pocket reduction frombaseline
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1182 TIETMANN et al.

F IGURE 2 Clinical situation of a 35-year-old patient
diagnosed with stage IV periodontitis with pathological tooth
migration (spacing and flaring) (A) after step 1 and 2 of periodontal
therapy (T0 = baseline), (B) 1 year after regenerative surgery (T1),
(C) 10 years after regenerative therapy (T10).

to T1, to T2 and to T10 underline the benefit of the combined
regenerative-OT. Mean PPD reduction and pocket closure
at final splinting in this study are similar to the data of the
mid-term follow up of 2–4 years as previously reported.18
The long-term effectiveness of this combined regenerative
therapy and orthodontic treatment is shown by further
improvement of rBL and pocket closure at 10 years. The
low number of sites with residual deeper pockets could
be maintained by regular re-instrumentation during SPT
visits. This indicates that, in the setting of a specialized
practice, a good prognosis even for severely periodontally
compromised patients can be achieved if compliant with
SPT and adequate oral hygiene.27
The present study analyzing the stability and long-term

effectiveness of regenerative periodontal therapy com-
bined with early orthodontic tooth movement is -to our
knowledge- the study with the largest number of defects

F IGURE 3 (A–D): Radiographical situation of 48-year-old
patient diagnosed with stage IV periodontitis (A) after step 1 and 2
of periodontal therapy (T0 = baseline), (B) 1 year after regenerative
therapy (T1), (C) at final splinting (T2), (D) 10 years after
regenerative therapy (T10).

and longest observation time of this kind of interdisci-
plinary treatment approach published so far. The high
number of participants and defects treated in the set-
ting of a private practice strengthen the generalizability
of the results. Adding to the strengths of the study, the
radiographs were evaluated by the same blinded exam-
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TIETMANN et al. 1183

F IGURE 4 (A–D) Box plots showing mean changes in
radiographic bone level over time (256 defects in 22 patients) (A) at
defect level (B) at patient level, average over all defects (C) at deepest
defect per patient n = 22 (D) for different treatment modalities. CM,
collagen membrane; DBBMc, collagenous demineralized bovine
bone mineral; EMD, enamel matrix derivative.

iner, data analysis was performed by an independent
expert statistician, both not being involved in the clinical
phases of the study. Furthermore, the studywas conducted
independently and not funded by industry.
However, the present study also has inherent limita-

tions, primarily due its retrospective study design and a

missing comparison group. Therefore, the study has to be
regarded as a large-scale feasibility study for the design of
further prospective randomized clinical trials.
Possible sources of bias, such as orthodontically induced

root resorption, the use of radio-opaque bone fillers, mea-
surement errors of rBLdue to change of tooth positionhave
been discussed previously in great detail.18
The present results cannot be easily compared to those

of previously published studies because of differences in
study protocols with regard to regenerative procedures,
patient and defect selection, choice of outcome measures,
time points between regenerative and OT and lengths of
follow-up.
However, the protocol of our study and the observed

long-term tooth retention by this combined periodontal-
regenerative and orthodontic treatment are in line with
and in support of the recently published EFP S3 clini-
cal practice guideline (CPG) on the treatment of stage
IV periodontitis.9–11 According to the evidence-based CPG
there is a clear recommendation for orthodontic treat-
ment of regeneratively treated intra-bony defects since
this combined treatment significantly improves periodon-
tal outcomes and significantly reduces inflammation as
long as guidelines of regenerative periodontal treatment16
and sequences of therapeutic interventions are followed.11
Based on the recommendation of the evidence-based EFP-
S3 level CPG for the treatment of stage IV periodontitis,11
inflammation has to be under control before, during, and
after OT, as it was accomplished in the present study by
a rigorous supportive care program over a long period of
time.
There is only one earlier study reporting 10-year data

following the interdisciplinary treatment of regenerative
periodontal therapy and consecutive orthodontic tooth
movements which can serve as a direct comparison,20
however, with a far smaller number of regeneratively
treated defects (n = 36) compared to our study (n = 256).
The authors focused on clinical parameters and not
on rBL gain. They reported a mean PPD reduction of
3.2 mm and pocket closure of 83% at the 10-year follow-
up which is comparable to 2.9 mm mean PPD reduc-
tion and 90% of pocket closure observed in the present
study. A second long-term follow-up with an average
of 11 years21 on the combined perio/orthodontic therapy
did not distinguish in their outcomes between resectively
and regeneratively treated defects. Mean PPD reduction
was therefore much less with 1.6 mm. However, the
observed pocket closure of 87% reveals the same ten-
dency for stability of treatment outcomes as in our study
for successful combined periodontal/regenerative and OT.
A major difference between these two studies and the
present one is the time point of orthodontic intervention
(12 months vs. 3 months after periodontal surgery). A
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reduced overall treatment time should be viewed as an
advantage.
Early orthodontic tooth movements, 3 months after

regenerative surgical therapy in this study, did not have a
negative impact on long-term outcomes in patients with
stage IV periodontitis. This is not only in agreement with
the 1-year findings of a multi-center randomized clinical
trial on timing of OT – early versus late-stating that there is
no adverse effect of early application of orthodontic forces
after regenerative therapy – thus reducing overall treat-
ment time19 and the according CPG recommendation,11
but indicates that early OT does not preclude butmay even
support favorable long-term outcomes.
Retention of teeth—as strongly recommended being the

first line of treatment strategy by the EFP CPG for stage
IV periodontitis11—was possible over 10 years in our study
with only 4.5% of tooth loss due to non-periodontal rea-
sons, in particular, due to root fracture and endodontic
lesions. This is in line with 2.7% of tooth loss due to
root fracture as reported in a previous study.20 The pri-
mary outcome of our study—change of rBL—has not been
investigated in previous long-term studies20,21 or cannot
be compared due to the lack of distinction between resec-
tive or regenerative periodontal therapy before orthodontic
tooth movements.21
As already stated in our former report18 the com-

parison of two independent retrospective cohort stud-
ies with regeneratively treated intra-bony defects in the
same practice with the same protocol, including surgical
procedures, outcome measures and follow-up with and
without orthodontic tooth movement13 was in favor of
the combined therapy. With all limitations of such an
indirect comparison using a “historical control group,”
it was remarkable to observe—when now looking at
the 10-year follow-up in both cohort groups- that the
improvements with regard to mean BL gain in the present
study with combined perio/orthodontic therapy were even
higher (4.48 mm, 256 defects) than in the cohort, where
patients did not undergo OT (3.9 mm, 226 defects). The
same applies to PPD reduction with 2.91 mm in the
present study and 2.28 mm in the group without OT
at the 10-year follow-up. Since the baseline character-
istics of the treated defects with regard to mean PPD
were similar in both cohorts these findings seem to indi-
cate a possible “stimulating” effect of orthodontic tooth
movement in the early healing phase on the regener-
ative outcomes, as previously suggested by pre-clinical
investigations.28–30 However, this observation should be
interpreted with great caution. Further preclinical trials
and well controlled clinical research are warranted to
decode the effects of mechanical loading after regenerative
procedures.

5 CONCLUSION

Within the limitations of the retrospective study design,
the present results suggest that the combination of regener-
ative treatment and consecutive early OT in patients with
stage IV periodontitis well adherent to a strict mainte-
nance protocol can lead to favorable and stable long-term
results after 10 years. These findings are in line with and
support the current recommendations for this clinical case
type 2 of stage IV periodontitis and at the same time pro-
vide a promising long-term perspective that has not been
available so far.
In the future, well planned prospective randomized clin-

ical trials that also include patient-related and orthodontic
outcome measures will further refine the most suitable
protocol for the combined regenerative and orthodontic
treatment of patients with stage IV periodontitis.
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APPENDIX

TABLE A1 Results from final model for the change of
radiographic bone level from T0 to T10.

Estimate (SE) p-Value
Fixed effects
(Intercept) −1.00 (0.46) 0.031
rBl at T0 0.69 (0.05) <0.0001
Smoking −1.99 (0.76) 0.017
Random effects:
Patient standard deviation 0.836
Residual standard deviation 1.76
R2:
R2m/R2c 0.474/0.571
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