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ABSTRACT
Objective: Congenital absence of mandibular second premolars occur in 2.91–3.22% of individuals, with 
nearly half of cases being bilateral. Interceptive hemisection of primary second molars promotes mesial 
drift but exposes the pulp for an extended period. This study investigates histopathological responses of 
pulp and associated mineralized tissues.
Material and methods: Children aged 7–12 in Skaraborg region, Sweden, were screened for over-retained 
primary mandibular second molars as part of a single-center, blinded, prospective split-mouth random-
ized controlled clinical trial comparing hemisection with extraction. Mesial roots of 21 hemisected teeth 
were collected for histopathological analysis of inflammatory infiltrate, pulpal necrosis, fibrosis, and hard 
tissue formation.
Results: Mean interval between distal and mesial root extraction was 11.54 ± 4.3 months. Histopathological 
analysis revealed no pulpal inflammation in 14% of specimens, acute/subacute inflammation in 38%, 
chronic inflammation in 48%, and necrosis in 24%. Reparative tertiary dentin with capping occurred in 
48% and without capping in 33%. Necrotic mineralized tissue appeared in one specimen. Three patients 
reported symptoms during follow-up.
Conclusion: Prolonged pulp exposure following hemisection induced tertiary dentinogenesis, maintain-
ing pulp vitality for up to 17 months. Despite histological evidence of inflammation or necrosis, most cases 
remained asymptomatic, indicating remarkable regenerative capacity of primary pulp–dentin complex.
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Introduction

A meta-analysis conducted in 2004 on Caucasian populations in 
North America, Australia, and Europe reported that the preva-
lence of agenesis of mandibular second premolars ranged from 
2.91 to 3.22%, and that the condition was bilateral in 43.5–47.7% 
of affected individuals [1].

Prolonged retention of primary second molars without 
permanent successors frequently presents with delayed root 
resorption and infraocclusion. This submergence has the 
potential to compromise arch integrity by causing adjacent 
tooth tipping and super-eruption of the tooth in the opposing 
arch [2–5]. A range of management strategies are available for 
such cases. One treatment option is to perform hemisection of 
the retained primary molar to facilitate the mesial migration of 
the first permanent molar during the eruption of the second 
permanent molar [3, 6].

Tooth hemisection is a procedure that entails the separation 
and extraction of a single root and its associated crown segment 
from a multi-rooted tooth [7]. In the context of permanent 
dentition, it is indicated when decay or a vertical root fracture is 

confined to a single root [8]. In primary or mixed dentition, 
hemisection is employed in cases of congenitally missing 
second premolars with over-retained primary second molars 
[9]. Unlike full extraction, which commonly results in vertical 
and buccolingual alveolar bone loss, hemisection during 
orthodontic treatment is thought to preserve bone integrity. 
The retained distal segment functions as a supplementary 
anchorage for the first permanent molar, thereby facilitating 
orthodontic management [8]. The technique involves 
buccolingual sectioning of the mandibular primary second 
molar and the removal of the distal half, which exposes the pulp 
to the oral cavity and facilitates spontaneous mesial drift of the 
first permanent molar. If mesial migration is hindered by the 
retained mesial portion, this is subsequently removed to allow 
continued movement and space closure [9].

A tooth is a complex organ consisting of dental pulp, a 
specialized connective tissue enclosed within the central cavity 
of a tooth, surrounded by dentin. The pulp plays a crucial role in 
providing nourishment, sensory function, and regenerative 
potential [10]. The pulp chambers of primary teeth are 
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proportionally larger than those of permanent teeth. 
Furthermore, the pulp horns in primary teeth extend closer to 
the dentin–enamel junction (DEJ), which increases the risk of 
accidental pulp exposure during operative procedures [11].

A study by Fox et al. [12] identified several similarities and 
differences in the histological structures of the pulp of primary 
and permanent teeth. The odontoblast arrangement in 
primary teeth is comparable to that in permanent teeth, with 
columnar odontoblasts found in the coronal region, cuboidal 
odontoblasts in the middle region, and flattened odontoblasts 
in the apical pulp. Cuboidal and flattened odontoblasts 
demonstrate reduced metabolic activity, indicating the 
functional necessity of coronal odontoblasts being more 
responsive to external stimuli. Apical odontoblasts, on the 
other hand, are less involved in dentinogenesis [12, 13]. 
Additionally, the zone of Weil, otherwise known as the cell-free 
zone is less pronounced in primary teeth. The cell-rich zone in 
primary teeth contains a higher number of undifferentiated 
mesenchymal cells and fibroblasts, contributing to a greater 
reparative capacity [12, 14].

Traumatic injuries are among the leading causes of pulp 
exposure in both primary and permanent teeth, second only to 
caries invasion. The histological response of dental pulp to trauma 
differs significantly between primary and permanent teeth. 
Primary teeth typically exhibit a significant inflammatory response 
following injury, attributable to their increased vascularity within 
the mid-coronal region [15]. This heightened response is facilitated 
by an abundance of undifferentiated mesenchymal cells, which 
enhance the formation of reparative dentin and promote healing 
[13, 14, 16]. Although permanent teeth possess the capacity to 
undergo reparative dentin formation, this process occurs at a 
comparatively reduced rate. The structured organization of 
odontoblasts and other cellular components contributes to a 
more regulated healing process [13, 14, 17].

Mild injury to a tooth has been shown to preserve the 
viability of primary odontoblasts, which deposits reactive 
tertiary dentin with tubular continuity to the primary and 
secondary dentin [18]. In contrast, more severe injury results in 
the loss of odontoblast viability and the release of bioactive 
dentin extracellular matrix components. This process initiates 
recruitment and differentiation of pulp-resident stem/
progenitor cells into odontoblast-like cells, leading to reparative 
tertiary dentin deposition and dentinal bridge formation at 
sites of pulpal exposure [19, 20].

To the best of our knowledge, no previous study has 
evaluated the histopathological response of the pulp and 
mineralized tissue in hemisectioned primary mandibular second 
premolars with prolonged exposure of the mesial portion of the 
tooth to the oral environment.

This study aims to explore and describe the histopathological 
changes and tissue response of the exposed pulp and 
mineralized tissue in hemisectioned primary teeth.

Materials and methods

This study is part of a larger single-center, blinded, prospective, 
split-mouth randomized controlled clinical trial which was con-
ducted to evaluate the effectiveness of hemisection compared 
to conventional extraction in cases of over-retained primary sec-
ond molars [21]. The study was conducted in accordance with 
the principles outlined in the Declaration of Helsinki and 
received ethical approval (Dnr: 558-17). Written informed con-
sent and assent were obtained from participants and their par-
ents or guardians.

Children aged 7–12 years were screened for over-retained 
second primary molars at nine public dental clinics in the 
Skaraborg region between 2017 and 2020. Those meeting the 
inclusion criteria were referred to the Orthodontic clinic in 
Skövde/Falköping, Sweden. The absence of these premolars was 
detected during routine dental examinations using intraoral 
radiographs. The inclusion criteria for admitting participants to 
the study were bilateral agenesis of permanent mandibular 
second premolars, bilateral persisting deciduous second 
mandibular molars, and bilateral presence of unerupted 
mandibular second permanent molars. The exclusion criteria 
were Angle Class II:2 malocclusion (as mandibular extractions 
could potentially deepen the bite), generalized spacing in the 
mandibular arch (defined as ≥ 8 mm of spacing measured from 
the mesial right primary second molar to the mesial left primary 
second molar), or cleft lip and palate or other craniofacial 
syndromes.

Hemisection

Local anesthesia (xylocaine-adrenaline injection (20 mg/mL + 
12.5 μg/mL Dentsply Pharmaceuticals) was administered prior 
to the procedure. The deciduous mandibular second molar 
was sectioned through the furcation using a Zekrya surgical 

A B C

Figure 1.  Long-term follow up after hemisection of a primary second molar. (A) Radiograph showing the hemisection and extraction of the distal root of 
the right primary second molar. (B) A clinical view of the hemisectioned tooth. (C) Clinical status at 64 weeks post-hemisectioning, showing no clinical signs 
of inflammation.
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bur. Subsequently, the distal root and crown were extracted 
using extraction forceps (Figure 1A). The tooth’s mesial half 
remained in the oral cavity with exposed pulp, without any 
surgical dressing or endodontic intervention. Hemostasis was 
achieved using a surgical compress with applied pressure 
(Figure 1B). Postoperative instructions were provided to 
patients, including recommendations for analgesic use if 
necessary.

Participants were recalled every 8 weeks to measure the 
space between the distal surface of the first permanent molar 
and the mesial surface of the retained primary molar. Once this 
space measured less than 2 mm (Figure 1C), the mesial portion 
of the deciduous molar was extracted using the same procedure. 
Patients reporting pain after hemisection received Intermediate 
Restorative Material (IRM) restorations on the mesial half of the 
tooth. The time interval between extraction of the distal and 
mesial halves was calculated using an online omni calculator 
(https://www.omnicalculator.com/everyday-life/months-
between-dates), and the meantime interval was recorded.

Histopathological preparation and evaluation

Immediately after extraction, the teeth were preserved and 
fixed in 4% buffered formaldehyde (Histolab, Gothenburg, 
Sweden) for a minimum of 48 hours. The samples were then 
rinsed in running tap water for 1 hour before decalcification in 
10% formic acid (Histolab, Gothenburg, Sweden) with stirring 
for 4 days. Following decalcification, the tooth was sectioned 
mesio-distally through the pulp.

The teeth were then dehydrated overnight, paraffin-
embedded and sectioned in 4-micrometer-thick sections at two 
levels and thereafter auto-stained with Mayers hematoxylin and 
eosin (Histolab, Gothenburg, Sweden). Whole-slide imaging at 
x20 magnification (Hamamatsu NanoZoomer s210) was 
performed and used to assess the histopathological changes 
such as the severity of the inflammatory infiltrate, pulpal 
necrosis, fibrosis and hard tissue formation. The histopathological 
assessments were conducted in a blinded manner by a senior 
oral pathologist and were repeated after an interval of 6 weeks. 
In cases of discrepancy between the first and second 
assessments, consensus was reached through discussion among 
the co-authors (V.R, J.Ö). Variables related to vital and necrotic 
soft tissue and the type of inflammation were mutually exclusive; 
however, all other variables could be present in the same tooth.

Definitions of histopathological variables:

•	 Vital soft tissue was defined as an intact odontoblastic layer 
without necrosis.

•	 Necrotic soft tissue was defined as absence of an intact 
odontoblastic layer with histological signs of necrosis.

•	 Chronic inflammation was defined as an infiltrate com-
posed of lymphocytes and/or plasma cells.

•	 Acute or subacute inflammation was defined as an 
infiltrate containing lymphocytes, plasma cells, and/or 
neutrophils.

•	 Fibrosis was defined as collagenous hyperplasia of 

connective tissue and recorded dichotomously (yes/no).
•	 Reparative dentin formation was recorded dichotomously 

(yes/no).
	◦ Dentin bridging in pulp-capped teeth was defined as 

reparative dentin deposition resulting in complete 
enclosure of the pulpal cavity.

	◦ Dentin bridging in non-pulp-capped teeth was defined 
as reparative dentin deposition resulting in partial 
enclosure of the pulpal cavity.

Results

A total of 21 patients (10 males and 11 females) were included in 
the study, yielding 21 caries-free hemisected teeth for histo-
pathological evaluation. The overall mean age of the partici-
pants was 9.86 ± 1.39 years, with mean ages of 9.36 ± 1.70 years 
for males and 9.45 ± 0.93 years for females.

The mean interval between the extraction of the distal and 
mesial halves of the tooth was 11.54 ± 4.3 months. Of the 21 
patients, 18 did not report any pain or sensitivity after 
hemisection. Of the remaining three patients, one experienced 
pain during mastication 2 weeks after hemisection but did not 
require any intervention and remained symptom-free thereafter. 
Another patient reported pain during mastication 14 weeks 
post-hemisection. An IRM restoration (IRM Caps, Dentsply) was 
placed, to alleviate the discomfort, and avoid emergency 
extraction of the mesial half. The third patient returned 1 week 
after hemisection, reporting symptoms of pain and sensitivity 
during mastication and tooth brushing. An IRM restoration was 
provided at that visit. However, 9 weeks later, the patient 
presented again with similar symptoms, necessitating the 
extraction of the mesial half of the tooth.

Of the hemisected teeth, 14% showed no pulpal 
inflammation, 38% presented with acute or subacute pulpal 
inflammation, 48% showed chronic pulpal inflammation, 24% 
necrosis of the pulp and 66.7% remained with vital pulp. In the 
majority of teeth (81%), atubular mineralized tissue without an 
odontoblast lining was observed, possibly representing tertiary 
reparative dentin formation (Table 1). Dentin bridging with 
overcapping of the pulp (Table 1 and Figure 2) was observed in 

Table 1.  Pulpal and hard tissue changes observed in mesial halves of the 
hemisected teeth.
Soft tissue
Histopathological observation N (%)
No inflammation 3/21 (14)
Acute or subacute inflammation 8/21 (38)
Chronic inflammation 10/21 (48)
Necrosis 5/21 (24)
Fibrosis 18/21 (86)
Vital pulp (with or without inflammation) 14/21 (66.7)
Hard tissue
Histopathological observation N (%)
Reparative dentin formation 17/21 (81)
  •  Dentin bridging with pulp capping 10/21 (48)
  •  Dentin bridging without pulp capping 7/21 (33)
Necrotic reparative dentin 1/21 (5)

https://www.omnicalculator.com/everyday-life/months-between-dates
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48% of specimens, while reparative tertiary dentin formation 
without overcapping (Table 1 and Figure 3) was observed in 
33% of specimens. A mucosal covering lining the exposed 
pulpal tissue was noted in 10 cases (48%) (Table 1 and Figure 4). 
Necrotic reparative tertiary dentin and necrotic secondary 
dentin were observed only in one specimen (Table 1 and 
Figure 5). In one case, the dentin and pulpal tissue were almost 
completely replaced by cementum and newly formed trabecular 
bone (Figure 6). Occasionally, reparative atubular tertiary dentin 
was observed surrounding areas of tubular secondary dentin 
that had undergone partial resorption (Figure 7).

In the two mesial roots treated with IRM, vital pulp tissue 
without signs of necrosis was observed in both specimens 
together with mild fibrosis. One specimen demonstrated 
subacute inflammation and partial tertiary dentin bridging, 
whereas the other exhibited mild chronic inflammation without 

tertiary dentin formation. No distinct histological differences 
were identified when compared with the remaining samples, nor 
were any clear common features between the two specimens.

Observations of the exposed mesial segments revealed a 
broad range of pulpal responses. The occurrence of necrosis was 
documented as early as 6.9 months and as late as 20.4 months 
post-hemisection. Conversely, the maximum duration for which 
a segment remained vital – exhibiting only minor inflammatory 
changes – was 17.1 months.

Discussion

The present study offers novel insights into the histopathologi-
cal responses of pulpal and hard tissues following the hemisec-
tion of primary mandibular second molars with prolonged pulp 
exposure to the oral cavity. The primary objective of the histo-
logical analysis was to evaluate tissue reactions – both soft and 

Figure 2.  Histopathological section shows the formation of a reparative 
dentin bridge over a vital pulp with mild fibrosis and minimal inflammation 
in the mesial  half of a hemisected primary mandibular second molar.

Figure 3.  Histopathological section illustrating partial dentin bridging that 
covers fibrotic pulp tissue with severe subacute inflammation in the mesial 
half of a hemisected primary mandibular second molar.

Figure 4.  Histopathological section illustrating mucosal coverage with 
moderate chronic inflammation and mild fibrosis of the coronal pulp in the 
mesial half of a hemisected primary mandibular second molar. Vital pulp tis-
sue and preserved odontoblast lining are visible in the pulp horn.

Figure 5.  Histopathological section illustrating necrotic pulp with resorp-
tion of nonvital atubular reparative dentin as well as secondary and primary 
dentin in the mesial half of a hemisected primary mandibular second molar.
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hard – to prolonged pulp exposure rather than to evaluate clini-
cal symptoms. This investigation is a part of a larger clinical trial, 
for which 21 samples were collected, processed, stained and 
examined microscopically. Midway through recruitment for the 
clinical trial, histological analysis was carried out to explore the 
underlying reasons for the absence of pain following hemisec-
tion in a large number of participants. In a related clinical trial 
comparing postoperative pain following conventional extrac-
tion and hemisection, Abdul Jabbar et al. reported that nine out 
of 41 participants (22%) experienced pain in the mesial root fol-
lowing hemisection which was significantly higher than con-
ventional extraction [21]. In the present subsample, 20 out of 21 
participants exhibited pulp exposure for up to 1 year without 
developing significant clinical complications such as sensitivity 
or pain that required emergency extraction of the mesial root. 
Physiologically, the vascular network of the dental pulp is most 
pronounced in the coronal region. However, because the pulp is 
encased within a rigid, non-compliant structure, bacterial inva-
sion from carious exposure typically induces inflammation, pain, 
circulatory stasis, subsequently leading to necrosis. In contrast, 
direct exposure to the oral cavity in hemisected teeth may per-
mit drainage of inflammatory exudates, enabling better nutri-
ent exchange and supporting the maintenance of essential 
physiological functions and wound healing [22].

Of the 21 selected patients, three reported experiencing pain 
from the mesial root. However, only one patient reported 
experiencing pain or sensitivity severe enough to necessitate 
extraction of the mesial half of the tooth. This finding is 
consistent with the observations by Valencia et al. (2009), who 
noted that the partial removal of pulp tissue alters both pulpal 
sensitivity and the inflammatory response. Anatomically, the 
apical foramen is traversed by nerve bundles composed 
predominantly of unmyelinated fibers, with a smaller proportion 
of myelinated fibers. The stimulation of these unmyelinated 
fibers has been demonstrated to reduce pulpal blood flow, 

which may contribute to a decreased nociceptive response [23].
Histologically, nearly half of the specimens in this study (48%) 

exhibited chronic inflammation, while 38% demonstrated acute 
or subacute inflammatory responses. This inflammatory 
response triggered the development of granulation tissue, 
characterized by neovascularization and a notable absence of 
nerve endings at the surface. Remarkably, the pulp maintained 
its vitality even after almost a year of exposure to the oral 
environment. These findings contrast with those reported by 
Valencia et al. [4], who observed no indication of inflammation 
or necrosis following 4 months of hemisection. However, 
Valencia et  al. (2009) subsequently observed chronic pulpal 
inflammation 8 months post-exposure, which was associated 
with granulation tissue formation. This is consistent with our 
findings, in which prolonged exposure of the pulpal tissue was 
associated with an increased risk of irreversible tissue damage, 
including pulpal fibrosis and necrosis.

In the present study, pronounced production of tertiary 
reparative dentin was observed, forming dentinal bridges that 
covered the pulp tissue in the majority of hemisectioned teeth. 
Similar findings have previously been reported in permanent 
teeth treated with materials such as MTA (mineral trioxide 
aggregate) following pulp exposure [25–29]. These observations 
suggest that pulpal responses to MTA capping involve the 
proliferation and migration of progenitor cells, followed by their 
differentiation into odontoblast-like cells – a mechanism that is 
essentially comparable to that induced by calcium hydroxide. 
The greater reparative capacity of primary teeth is likely due to 
their higher proportion of undifferentiated mesenchymal cells 
and fibroblasts, enabling such responses to occur. The findings 
of this study demonstrate the histopathological reactive 
changes due to the intrinsic regenerative capacity of primary 
teeth even in the absence of bioactive materials. The mechanisms 
of tertiary dentinogenesis have received considerable interest in 
the context of repairing and regenerating the dentin–pulp 
complex in many previous studies [30–32]. However, the 
mechanisms by which these cells differentiate and secrete 
reparative dentin bridges in the absence of a basement 
membrane or epithelium still remain to be fully elucidated.

No hypercementosis was observed in the apical portions of 
the root in any of the patients in this study. This coincides with 
the findings of Valencia et  al. (2009) who also reported no 

Figure 6.  Pulp and primary dentin partially replaced by cementum and 
immature trabecular bone in the mesial half of a hemisected primary man-
dibular second molar.

Figure 7.  Reparative atubular dentin surrounds resorbed tubular dentin in 
the mesial half of a hemisected primary mandibular second molar.
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hypercementosis in response to hemisection of primary 
mandibular second molars in participants aged 8–11 years. 
However, Saad et  al. (1997) observed thickening of the 
cementum on the root surface of primary mandibular second 
molars in participants aged 14–40. In the present study, a 
continuity was noted between the cementum from the coronal 
part of the root and the formation of the dentin bridge. 
Histologically, it is difficult to differentiate between atubular 
reparative dentin and reactive newly formed reactive cementum 
in the interradicular area. Cementum in primary molars is 
typically thin; however, in response to traumatic injury, activation 
of cementoblasts seems to occur, and the development of 
hypercementosis may represent a reparative mechanism aimed 
at managing localized inflammation, particularly in the 
interradicular area. This supports the maintenance of pulpal 
vitality. Additionally, in the context of a hemisectioned primary 
molar, hypercementosis of the retained mesial root may be a 
physiological response to increased functional loading, 
contributing to reinforcing the root structure and stability [33]. 
Interestingly, in one of our cases, we observed newly formed 
immature trabecular bone and cementum formation, replacing 
pulpal and dentin tissue. A similar phenomenon has been 
described in a previous case report of a traumatically intruded 
primary incisor [34]. Further studies are required to better 
understand the biological mechanisms involved and how 
constituents may influence cellular behavior in the dentin–pulp 
complex in primary teeth.

Limitations

This study represents an analysis of a small subsample from a 
larger clinical trial in which a higher proportion of participants 
reported pain following hemisection. Although evaluating all 
available samples histopathologically would have provided a 
more comprehensive understanding of the findings, substantial 
deviations from the current observations are not anticipated. 
Furthermore, the present analysis relied exclusively on conven-
tional staining methods, which limits the detailed cellular and 
molecular characterization of the reparative and healing pro-
cesses. Further research should incorporate larger, multicenter 
cohorts and employ advanced histological and molecular tech-
niques to elucidate the underlying mechanisms governing 
reparative dentinogenesis and pulpal healing in primary teeth.

Conclusion

This study provides insight into the remarkable capacity of 
pulp–dentin complex to self-repair after exposure to abrupt 
mechanical trauma, evidenced by substantial reparative tertiary 
dentin formation following prolonged exposure to the oral cav-
ity. The pulp was observed to maintain its vitality despite being 
exposed to the oral environment for more than a year. Even in 
the presence of inflammation or necrosis of soft and hard tis-
sues, no significant clinical complications were observed.

Geolocation information

The study was conducted in the Region of Västra Götaland, 
Sweden.
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