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Abstract 

Objective:  To evaluate the long-term outcomes of Class II treatment with the Jasper Jumper appliance and compre‑
hensive orthodontic treatment concerning inclination of the mandibular incisors and gingival recession.

Methods:  Sixteen patients with Class II malocclusion at a mean age of 12.54y (SD = 1.17) were treated with the 
Jasper Jumper appliance and comprehensive orthodontic treatment. The mean treatment time was 2.05y (SD = 0.21). 
Dental records were taken before (T1), after treatment (T2) and 11.90y (SD = 0.48) after debonding (T3). The frequency 
of gingival recession, clinical crown height and mandibular incisor position were evaluated using intraoral photo‑
graphs, digital models and lateral cephalograms. Interphase changes were evaluated using dependent t and McNe‑
mar’s tests. Correlation between clinical crown height and final position of the mandibular incisors was evaluated 
using Pearson correlation test (P < 0.05).
Results:  The frequency of gingival recessions increased over time and was observed in 6 (9.4%), 12 (18.8%) and 24 
(37.5%) of the mandibular incisors at T1, T2 and T3, respectively. A significant increase in labial inclination and pro‑
trusion of the mandibular incisors was observed between T1 and T2 interval. The clinical crown height significantly 
increased in the follow-up period (T3–T2) and in the complete observation time (T3–T1). There was no correlation 
between the amount of labial inclination and protrusion of the mandibular incisors and clinical crown height for all 
time intervals.

Conclusion:  No significant correlation between the amount of labial movement of the mandibular incisor and clini‑
cal crown height increase was found.
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Introduction
Fixed functional appliances are frequently used for treat-
ment of Class II malocclusion [1–3]. A meta-analysis 
showed that fixed functional appliances engaged on 
multibracket systems have mostly dentoalveolar effects 
rather than skeletal effects for Class II malocclusion 
correction [4]. When compared to other mechanics 

such as Class II intermaxillary elastics, fixed functional 
appliances showed similar effects with predominantly 
dentoalveolar effects [5–8]. One of the most striking 
dentoalveolar effects promoted by fixed functional appli-
ances is labial tipping of the mandibular incisors, inde-
pendent of the growth phase [2, 4].

Gingival recession consists in apical displacement of 
the gingival margin leading to esthetic problems, dentin 
hypersensitivity and possible development of erosion and 
caries lesions [9]. Many factors are associated with gin-
gival recessions and previous studies related to gingival 
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recession and orthodontic movement [10, 11]. A pos-
sible explanation for gingival recession after orthodon-
tic treatment is bone dehiscence development related 
to tooth movement against the labial/buccal bone plate. 
In this context, labial movement of mandibular incisors 
promoted by fixed functional appliances would be a pre-
disposing factor for gingival recessions in the long term 
[10]. According to Garib et al. [12], incisor buccolingual 
movements are considered the most critical orthodontic 
movement predisposing to bone dehiscence.

Pancherz and Bjerklin [13] performed a study to ana-
lyze the long-term effects of the Herbst appliance on the 
inclination and alignment of mandibular incisors, evalu-
ating the frequency of gingival recessions. A minimal 
frequency of gingival recession was found after treat-
ment. Gingival recessions were associated with transla-
tion movement of the mandibular incisors and not with 
the amount of labial tipping. However, there are few 
studies that evaluated gingival recession after using fixed 
functional appliances, especially in the long term [2, 3]. 
Therefore, this study aimed to evaluate long-term out-
comes of Class II malocclusion treatment with the Jasper 
Jumper appliance and comprehensive orthodontic treat-
ment concerning tipping of the mandibular incisors and 
gingival recessions. The hypothesis was that there is no 
correlation between mandibular incisor changes after 
comprehensive orthodontic treatment using the Jasper 
Jumper appliance, and the increase in gingival recession 
in the long term.

Material and methods
The retrospective cohort study was approved by the Eth-
ics Committee in Human Research of the Bauru Dental 
School, University of São Paulo. (protocol: 2.505.559), 
and all patients signed an informed consent.

Sample size calculation assumed a correlation of 0.7 
[14] between the extent of gingival recession and the 
inclination of the mandibular incisors to provide a power 
of 80% with α of 5%. Thirteen participants should be 
included in the study.

The following inclusion criteria were considered in the 
pretreatment phase: mixed-race Brazilians, presence of 
Class II division 1 malocclusion with bilateral minimum 
severity of one-half Class II molar relationship; presence 
of convex profile and ANB > 2°; mandibular arch show-
ing minimal or no incisor crowding; early permanent 
dentition stage; no history of previous orthodontic treat-
ment; and absence of craniofacial anomalies or systemic 
diseases. The exclusion criteria at posttreatment and fol-
low-up period were: orthodontic treatment not finished 
with an adequate occlusion, including bilateral molar and 
canine Class I relationship, presence of crowding or dias-
temas, inadequate overjet and overbite; absence of a full 

permanent dentition, except third molars; lack of quality 
in the record images; dental wear facets; and to follow-up 
time less than 10 years after debonding.

Initially, 24 subjects attended the inclusion criteria. 
Seven patients were not found or did not agree to partici-
pate. One patient did not have full records with adequate 
quality. Therefore, the final sample consisted of 16 sub-
jects. The mean age at treatment start (T1) was 12.54y 
(SD = 1.17; range 10.37–14.57); after debonding (T2), it 
was 14.59y (SD = 1.17; range 12.73–16.89), and the mean 
age at the follow-up (T3) was 26.49y (SD = 1.24; range 
23.83–28.40). Patients were treated before or during 
the pubertal growth peak [15], without extractions for a 
mean period of 2.05y (SD = 0.21; range 1.78–2.86), and 
the follow-up period was 11.90y (SD = 0.48; range 11.10–
12.85) (Table 1). Most patients were skeletal Class II, and 
four patients were dentoalveolar Class II. The highest 
value of ANB was 8.2°.

The treatment protocol was performed as described in 
a previous study [16]. The appliances used in this study 
were multibracket fixed orthodontic appliances (Roth 
prescription, Morelli, Sorocaba, SP, Brazil) and the Jasper 
Jumper appliance (American Orthodontics, Sheboygan, 
WI, USA). The mandibular arch was tied back to the first 
or second molars to control the movement of mandibular 
incisors, resulting in the use of Jasper Jumper appliance. 
The Jasper Jumper was maintained until overcorrection 
of Class II anteroposterior discrepancy to a quarter-
cusp bilateral Class III relationship. After Jasper Jumper 
removal, patients were oriented to use Class II inter-
maxillary elastics for a mean period of 4 months (rang-
ing from 1 to 8  months) for approximately 14  h. After 
debonding, retention consisted of a Hawley plate during 
the day and a Bionator appliance during the night for 
1 year. In the mandibular arch, a canine-to-canine fixed 

Table 1  Characteristics of the sample

T1—Pretreatment; T2—Posttreatment; T3—Follow-up

C2 and C3—cervical vertebral maturation method

Variables Mean SD

Initial age (T1) 12.54 1.17

Final age (T2) 14.59 1.17

Follow-up age (T3) 26.49 1.24

Posttreatment time (T2–T1) 2.05 0.21

Follow-up time (T3–T2) 11.90 0.48

Sex Male Female

5 (31.25%) 11 (68.75%)

Skeletal age (T1) C2 C3

7 (43.75%) 9 (56.25%)

3X3 Retainer at T3 Presence
13 (81.25%)

Absence
3 (18.75%)
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retainer was recommended permanently. The mandibu-
lar fixed retainer was still present at T3 in 13 out of 16 
patients (Table 1).

Mandibular incisor labiolingual position
Mandibular incisor position was measured on lateral 
cephalograms using Dolphin software (Dolphin Imag-
ing and Management Systems, Chatsworth, Calif., USA). 
Magnification of the radiographic images was cor-
rected by the software in 9.8%. The evaluated variables 
were IMPA (°), L1.NB (°), L1-NB (mm) and L1 to APO 
(mm) [16]. All variables were measured at the three time 
points, and interphase changes were calculated (T2–T1, 
T3–T2 and T3–T1).

Frequency of gingival recession
To evaluate the presence of gingival recession, intraoral 
photographs and digital dental models were analyzed. 
The presence of gingival recession was assessed through 
visual inspection on the labial aspect of the mandibular 
incisors. Gingival recession was considered present when 
the gingival margin was located apically to the cemen-
toenamel junction or when the gingival margin was 
markedly below the level of the adjacent teeth [17, 18] 
(Fig. 1A).

Clinical crown height
The dental models of all patients were digitalized using 
a 3Shape R700 3D scanner (3Shape A/S, Copenhagen, 
Denmark). Measurements on the digital dental mod-
els were performed using Ortho Analyzer 3D software 
(3Shape A/S, Copenhagen, Denmark) by only one opera-
tor (W.M.).

Clinical crown height was measured in the mandibu-
lar incisors in all time points. Clinical crown height was 
defined as the distance between the deepest point of the 
gingival margin and the incisal edge (Fig. 1B). The height 
of gingival recession was considered as the interphase 
changes in clinical crown height [19].

Error study
For the error study, 30% of the sample was randomly 
selected and remeasured by the same examiner (W.M.) 
after a period of 3 weeks. Random errors were calculated 
using the Dahlberg’s formula, and systematic errors were 
evaluated using dependent t tests, at P < 0.05 [20].

Statistical analysis
Sample normal distribution was evaluated using Shap-
iro–Wilk tests. The frequency of gingival recession was 
calculated. Chi-square test was used to evaluate the sex-
ual dimorphism, and McNemar’s test was used to com-
pare the frequency of gingival recession between the 

time points. Changes in mandibular incisor position and 
clinical crown height were evaluated using dependent t 
tests. Correlation between gingival recession height and 
position of the mandibular incisors was evaluated using 
Pearson correlation test. All statistical analyses were per-
formed with SPSS statistical software (version 23.0, IBM 
Corp., Armonk, N.Y., USA). The level of significance 
regarded was 5%.

Results
The random errors ranged between 0.15  mm (clinical 
crown height) and 0.43 mm (L1 to Apo) for linear meas-
urements and between 1.66° (L1-NB) and 1.8° (IMPA) for 
angular measurements. No variables showed statistically 
significant systematic errors.

Mandibular incisor inclination and protrusion sig-
nificantly increased during treatment (T2–T1) and in 
the complete follow-up period (T3–T1). Clinical crown 
height increased in the posttreatment period (T3–T2) 
and complete follow-up period (T3–T1, Table 2).

The presence of gingival recession was observed in 
6 (9.4%), 12 (18.8%) and 24 (37.5%) mandibular inci-
sors at the pretreatment, posttreatment and follow-up 
stages, respectively (Table 3). No difference was observed 
between males and females for the frequency of gin-
gival recessions (T1, P = 0.119, T2, P = 0.197 and T3, 
P = 0.513). The frequency of gingival recession increased 
over time, and the increase was statistically significant 
from T2 to T3 and from T1 to T3 (Table 4).

No significant correlation between labial inclination or 
protrusion of the mandibular incisors and clinical crown 
height was found (Table 5).

Discussion
The null hypothesis was accepted. There was no cor-
relation between mandibular incisor changes after 
comprehensive orthodontic treatment using the Jasper 
Jumper appliance and the increase in gingival recession 
in the long term (Table 5). The possible explanation is 
that labial tipping and gingival apical migration are not 
simultaneal occurrences. Our results showed that labial 
movement of the mandibular incisors occurs during 
orthodontic treatment, while the increases in clinical 
crown height are a posttreatment occurrence. To our 
knowledge, no previous study evaluated the correlation 
between changes in clinical crown height and position 
of mandibular incisors in the long term, after using Jas-
per Jumper therapy. Most studies considered only the 
period of orthodontic treatment and observed no cor-
relation between the labial movement of the mandibu-
lar incisors and gingival recession occurrence [17, 18, 
21–23]. On the other hand, some studies observed the 
aforementioned relation demonstrating the variability 
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Fig. 1  A Evaluation of the presence of gingival recession: presence of apical displacement of the gingiva below the cementoenamel junction 
or the labial margin was clearly below the marginal level of the adjacent teeth. B Clinical crown height was measured as a linear measurement 
between the most apical region of the gingiva and the incisal edge of the mandibular incisor
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in periodontal responses [24, 25]. Previous systematic 
reviews concluded that contradictory results on the 
association of labial inclination of mandibular incisors 
and gingival recessions were found, and future studies 
are needed to clarify these controversies [25, 26].

To the best of our knowledge, the present research is 
the first study with a 10-year follow-up observing the 
development of gingival recessions after comprehensive 
orthodontic treatment using the Jasper Jumper appliance 
retained with Class II elastics. The methodology used in 

Table 2  Changes in mandibular incisor inclination and clinical crown height (gingival recession) in the three time point intervals 
(dependent t tests)

T1—Pretreatment; T2—Posttreatment; T3—Follow-up

*Statistically significant at P < 0.05

T1 T2 T3 T2–T1 T3–T2 T3–T1

Mean SD Mean SD Mean SD Mean SD P Mean SD P Mean SD P

IMPA (L1-MP) (∫) 99.39 7.20 103.48 7.71 104.56 8.04 4.09 4.84 0.011* 1.09 4.52 0.351 5.18 4.92 0.000*

L1-NB (∫) 28.72 5.54 32.77 5.24 31.84 5.78 4.05 4.57 0.003* − 0.93 3.82 0.345 3.12 5.08 0.018*

L1-NB (mm) 5.31 2.20 6.54 2.54 6.24 2.47 1.23 1.41 0.003* − 0.91 1.15 0.312 0.93 1.41 0.011*

L1 to A-Po (mm) 1.46 1.59 3.11 2.04 2.42 1.43 1.64 2.50 0.019* − 0.69 2.07 0.205 0.96 1.54 0.023*

Clinical crown height (mm) 7.32 0.80 7.30 0.99 7.78 0.94 − 0.03 0.65 0.873 0.49 0.91 0.049* 0.46 0.80 0.020*

Table 3  Frequency of gingival recessions before treatment, after treatment and at follow-up (64 teeth)

T1—Pretreatment; T2—Posttreatment; T3—Follow-up

Recession status Teeth 32 Teeth 31 Teeth 41 Teeth 42 Mandibular incisors Patients

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3

Recession 0 0 2 3 4 9 3 7 9 0 1 4 6 (9.4%) 12 (18.8%) 24 (37.5%) 4 (25%) 7 (43.8%) 11 (68.8%)

No recession 16 16 14 13 12 7 13 9 7 16 15 12 58 (90.6%) 52 (81.2%) 40 (62.5%) 12 (75%) 9 (56.2%) 5 (31.2%)

Table 4  Interphase changes in the frequency of mandibular incisor gingival recession (McNemar’s tests)

T1—Pretreatment; T2—Posttreatment; T3—Follow-up

*Statistically significant at P < 0.05

Recession status Time

T1 T2 P T2 T3 P T1 T3

Presence of gingival recession 6 12 0.070 12 24 0.008* 6 24 0.000*

Absence of gingival recession 58 52 52 40 58 40

Table 5  Correlation between mandibular incisors inclination and clinical crown height (gingival recession) in the three time point 
intervals (Pearson’s correlation analysis)

T1—Pretreatment; T2—Posttreatment; T3—Follow-up

Clinical crown height (T2–T1) Clinical crown height (T3–T2) Clinical crown height (T3–
T1)

Coefficient P Coefficient P Coefficient P

IMPA (L1-MP) (∫) 0.31 0.239 0.19 0.472 0.12 0.959

L1-NB (∫) 0.21 0.443 0.21 0.442 0.14 0.560

L1-NB (mm) 0.38 0.147 0.29 0.276 0.26 0.261

L1 to A-Po (mm) 0.16 0.553 0.12 0.671 0.16 0.504
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this study was based on previous studies [17, 18]. The 
influence of maturational changes in the clinical crown 
height over time could have occurred. However, a previ-
ous study evaluated the aging changes in subjects with 
normal occlusion over a 40-year period and observed 
no significant changes in the clinical crown height of the 
mandibular central incisors as the apical migration of 
the gingival margin was similar to the incisal wear [27]. 
In our study, patients were evaluated after 11.90 years of 
debonding and patients with bruxism or dental wear fac-
ets were not included in the study.

Labial inclination and protrusion of the mandibu-
lar incisors increased after Jasper Jumper therapy and 
remained stable in the follow-up period (Table  2). T2–
T1 changes in mandibular incisor are due to both Jas-
per Jumper therapy and Class II elastics together. These 
outcomes were expected as a dental effect promoted by 
most fixed functional appliances, independent of the 
growth phase [20, 28]. Studies observed similar results 
when the Jasper Jumper appliance was used followed by 
comprehensive orthodontic treatment [29–31]. A pre-
vious systematic review with the Jasper Jumper appli-
ance and other fixed functional appliances showed even 
higher labial tipping of the mandibular incisors, probably 
because patients were evaluated immediately after func-
tional appliance removal. In our study, the patients were 
evaluated after the comprehensive orthodontic treatment 
[2].

The frequency of gingival recession increased after 
treatment during the follow-up period (Tables 3, 4). The 
increase in clinical crown height also increased from 
debonding to the 11-year follow-up stage, confirming 
an apical displacement of the gingival margin (Table  2). 
Gingival recessions have multifactorial etiological back-
ground, and Class II treatment with functional appliance 
could represent a predisposing factor. Proclination of the 
mandibular incisors during fixed functional appliance 
treatment might create areas with bone dehiscences, 
increasing the risk of gingival recessions in the long term 
[32–34]. In addition, mandibular incisors are covered by 
a very thin labial bone plate [35–37]. On the other hand, 
a study evaluating 225 regular dental care participants 
at baseline and after 5  years and 12  years of follow-up 
showed that the percentage of participants with gingival 
recessions increased over time [38]. Although previous 
studies have reported weak correlations between gin-
gival recessions and aging, some degree of cumulative 
effect over time from primary causes and predisposing 
factors might occur [9, 39]. Another factor that might 
have influenced the increase in gingival recessions in the 
long term was the mandibular fixed retainer. However, a 
previous study by Juloski et al. [40] showed that the long-
term presence of fixed lingual retainers did not seem to 

increase the development of labial gingival recessions in 
the mandibular incisors. In this study, three patients did 
not have fixed lingual retainers at T3. Among these three 
patients, one patient had no changes in clinical crown 
height (− 0.01  mm), the other patient had a change 
similar to the average (0.62 mm), and the third one had 
a change greater than the average (0.98  mm) in clinical 
crown height from T1 to T3.

Previous studies with the Herbst appliance are in 
accordance with our results showing no increase in gingi-
val recession during the therapy period [13, 18, 41]. Only 
one study evaluated the frequency of gingival recessions 
long term after the Herbst appliance [13]. This longitu-
dinal study evaluated patients after 32 years of debond-
ing and demonstrated minor gingival recessions in a few 
subjects [13].

When gingival recession is observed in the posttreat-
ment period of comprehensive orthodontic treatment 
using the Jasper Jumper appliance, factors like the pres-
ence of chronic trauma, chronic inflammatory periodon-
tal disease and occlusal trauma (occlusal interference) 
should be investigated and an interdisciplinary treatment 
is needed [9]. Future longitudinal studies should be per-
formed to compare the gingival recessions in patients 
treated with Jasper Jumper therapy and a comparison 
group treated with fixed appliances only.

The main limitation of this study was the lack of a con-
trol group of nontreated Class II malocclusion patients. 
Some changes in the follow-up period might have 
occurred due to age-related changes, and results should 
be considered with caution. Additionally, evaluation of 
the correlation between changes in mandibular incisor 
position and in clinical crown height was the main goal 
of this study.

Conclusion

•	 Mandibular incisor inclination and protrusion sig-
nificantly increased during treatment and maintained 
stable during the follow-up.

•	 Both the frequency of gingival recession and the 
clinical crown height increased only during the post-
treatment follow-up period of comprehensive ortho-
dontic treatment using the Jasper Jumper therapy.

•	 No significant correlation between the amount of 
labial movement of the mandibular incisor and clini-
cal crown height increase was found.
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