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Abstract
Background: Osteoradionecrosis of the jaws (ORNJ) is a severe and challenging complication of head and neck 
radiation therapy. Despite its aggressiveness and controversy respect to its efficacy, surgical intervention remains 
the main treatment modality. Nevertheless, due to advances in the understanding of ORNJ physiopathology, new 
treatment alternatives such as the combination of pentoxifylline with tocopherol (PENTO) have emerged. The aim 
of this systematic review was to assess the reported efficacy of PENTO for the treatment of ORNJ. 
Material and Methods: Studies were search using Pubmed, The Cochrane Library, Scopus, and Web of Science 
data bases following the PRISMA guidelines. Inclusion criteria were cohort, case series, randomized or non-
randomized clinical studies published in English including human subjects who received PENTO as treatment for 
ORN of the jaws. 
Results: Eleven articles met the inclusion criteria and were included for data analysis. All studies reported patients 
with complete mucosal coverage with no exposed bone (considered healthy) after PENTO treatment, ranging from 
16.6% to 100% of the patients, depending on the study. Clinical improvement or disease stabilization was reported 
between 7.6% and 66.6% of studied individuals, while disease progression was seen in only 5 studies involving 
7.6 - 32% of patients.
Conclusions: PENTO treatment achieved a complete disease control in a significant number of patients in all 
studies. However, there is no standardized protocol for administering the therapy. It is necessary to determine the 
pharmacological doses and to evaluate the benefits of adding antibiotics and clodronate. Good quality clinical tri-
als are needed to develop a successful algorithm for the management of ORN of the jaws.
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Introduction
Osteoradionecrosis of the jaws (ORNJ) is defined as an 
area of devitalized, exposed bone due to head and neck 
radiation therapy, which is unable to heal after a period 
of 3 to 6 months without any local signs of neoplastic 
disease (1). It is considered a severe, difficult to manage 
complication of head and neck (HN) radiotherapy. The 
prevalence of ORNJ varies between different studies, 
but it has been recently estimated between 5-12% of all 
patients receiving HN radiotherapy (2). The reported 
annual incidence is of 4.8% (3), which increases to 7% 
if the patient had a tooth extracted (4). 
ORNJ has variable clinical presentations, including 
asymptomatic intraoral exposure of small areas of 
bone, to large intra and extraoral bone exposures, oral 
and cutaneous fistulas, and pathological fractures (5). 
Most common symptoms are trismus, sensorineural 
disturbances (anesthesia, dysesthesia, and paresthesia), 
speaking difficulties and pain during mastication (6,7). 
One of the first theories explaining the pathogenesis of 
ORNJ was proposed by Meyer in 1970. He suggested 
that ORNJ develops due to traumatic events in previ-
ously irradiated tissues, which predisposes to infective 
processes from the surrounding microflora. Because of 
that, the main treatment of choice for ORNJ at that time 
were antibiotics. Nevertheless, clinical results were not 
good (8). Years later in 1983, Marx proposed the “3H” 
hypothesis (hypoxia, hypovascularity and hypocel-
lularity) to explain the development of ORN (1). This 
hypothesis suggested that radiation therapy induces ho-
meostatic and metabolical changes in adjacent tissues 
resulting in reduced vasculature and high oxygen de-
mand, which lead to an hypoxic, hypocellular and hy-
povascular bone prone to necrosis (1). Lately, Delanian 
and Lefaix proposed a theory called radiation-induced 
fibro-atrophic process (RIF), which suggests a progres-
sive destruction of the bone matrix due to an indirect 
effect of reactive oxygen species (ROS) and to direct 
damage to endothelial cells and fibroblasts, leading to 
microvascular necrosis and an alteration in collagen 
metabolism (9). Up to date, this is the most accepted 
hypothesis to explain ORNJ pathogenesis. 
Different treatment modalities for ORNJ have been re-
ported, being conservative and surgical therapies con-
sidered as conventional therapies. Conservative treat-
ment includes curettage, gentle elimination of bone 
sequestration and regularization of bone irregularities 
of exposed bone to prevent the development of new 
lesions (10). If this approach fails, surgical treatments 
need to be considered. The most common surgical 
treatment is deep surgical debridement through bone 
curettage (5,11). Other surgical options include seques-
trectomy, fistula closure and mandibular resection with 
microvascular graft reconstruction (12). Despite there is 
an ongoing debate about the effectivity of surgical ther-

apies, they still represent the main treatment of choice 
and the one that shows better results (13). 
Based on the RIF theory, Delanian in 2002 reported a 
new pharmacological approach based on the combina-
tion of tocopherol (VitE) and pentoxifylline (PTX) for 
the management of ORNJ (14,15). Since then, different 
studies have shown that the combination of PTX with 
tocopherol (PENTO) has promising results for the treat-
ment of ORNJ (12,14,16), and despite the lack of robust 
evidence regarding its efficacy, this treatment regimen 
is currently used by some clinicians (17). The aim of this 
study was to perform a systematic review to assess the 
reported efficacy of PENTO for the treatment of ORNJ. 

Material and Methods 
This systematic review was performed following the 
recommendations from PRISMA for systematic reviews 
(18), to answer the following question: Is the combined 
therapy of pentoxifylline and tocopherol (PENTO) ef-
fective in the treatment of osteoradionecrosis of the jaws?
- Eligibility criteria
Inclusion criteria: articles in English, studies reporting 
the use of PENTO as treatment agent for ORN affecting 
the maxilla, mandible, or both. Only cohort, case series 
(with n > 10) and randomized or non-randomized clini-
cal studies were included.
Exclusion criteria: animal or in vitro studies, studies 
reporting the use of PENTO in conditions different to 
ORNJ, such as osteomyelitis and medication induced 
osteonecrosis of the jaws.  
- Information sources and search Strategy 
A literature search was performed using four databases: 
PubMed, Scopus, Web of Science and the Cochrane Li-
brary. The search was performed between May 1 and 
June 2021. We used the following keywords: "osteora-
dionecrosis", "pentoxifylline", "tocopherol", "vitamin 
E" and “jaws”, which were combined with the Boolean 
operators “AND”, “OR” and/or "NOT".  We also per-
formed a manual search complementary to the previous 
described strategy. 
- Selection process
All articles were independently reviewed by two re-
viewers (M.A.L and D.M.R). First, all duplicates were 
removed. Then, the remaining articles were selected by 
title and abstract. Next, full texts were revised and ar-
ticles meeting the inclusion criteria were included for 
data extraction. All disagreements were discussed with 
a third reviewer (V.M.G), who had the final decision 
whether the study had to be included or not. 
- Data extraction
Two reviewers (M.A.L y D.M.R) extracted the follow-
ing data: author; year; country; size; ORN-RT latency; 
PENTO protocol; other intervention used; lesion pro-
gression; stable /improved; healthy; healing rate and 
Follow-up.
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Results
We initially identified 449 articles for revision. Fifty-
two articles were removed after duplicate removal, 
leaving 397 articles for screening by title and abstract. 
Of those, 309 were removed as were not related to 
the research question, leaving 88 papers for full text 
analysis. Only 11 articles met the inclusion criteria 
and were included for data extraction (Fig. 1). All in-
cluded studies were published between the years 2005 
and 2021 from four countries: France (12,14,16,22), 
United States (23) United Kingdom (5,7,11,24,25) and 
Brazil (26). In respect to study designs, 8 studies cor-
responded to cohort studies (5,7,11,16,22-25), 2 to non-
controlled phase II clinical trials (12,14) and 1 to a 
cases series study (26). 
- Osteoradionecrosis of the jaws
The total irradiation dose was described only in 8 out 
of 11 articles and it ranged between 40 and 136 Gy 
(5,12,14,16,22,23,25,26). The elapsed time between 
RT and the development of ORNJ was mentioned 
in 8 articles and ranged between 1.7 and 5.3 years 
(5,12,14,16,22,24-26). The main trigger for the devel-
opment of ORNJ was tooth extraction (12,14,23-26), 
followed by spontaneous appearance without an iden-
tified trigger and by periodontal and endodontic infec-
tions (23).

- Risk of bias assessment
Methodological quality assessment of the included cohort 
studies was carried out using the Newcastle-Ottawa Sys-
tem (NOS) (19). Two authors (M.A.L and D.M.R) indepen-
dently assessed all included reports. In case of disagree-
ment, the basis for study quality was determined after a 
joint discussion with a third reviewer (RMF). The three 
categories evaluated were, 1) selection of study groups, 2) 
comparability of study groups and 3) outcome. The qual-
ity instrument of the Newcastle-Ottawa scale is scored by 
awarding one point for each response marked with an as-
terisk on the scale. The possible scores are 4 points for se-
lection, 2 points for comparability and 3 points for results, 
obtaining a maximum of 9 total points. Studies were divid-
ed into three categories: low risk of bias (≥ 7 stars), moder-
ate risk of bias (5-6 stars), and high risk of bias (≤ 4 stars). 
For articles that were not analytical studies, we used the 
Joanna Briggs Institute (JBI) Critical Appraisal Check-
list for Assessing the Methodological Quality of Non-
randomized Experimental Studies (20) and Case Series 
(21). An overall assessment of each article was made, 
determining whether the risk of bias is low, high, or un-
clear (more information needs to be sought). We consid-
ered low risk of bias if 'yes' answers were ≥50%, high 
risk of bias if 'no' answers were ≥50%, and unclear risk 
of bias if 'unclear' answers were ≥50%.

Fig. 1: PRISMA flowchart.
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- PENTO therapy
Four articles mentioned the administration of antibi-
otics, corticosteroids and antifungals 2-4 weeks prior 
to the start of PENTO treatment (12,14,16,22). On the 
other hand, the use of antibiotics before administering 
PENTO therapy is mentioned in 2 articles (7,25). In 10 
studies the PENTO regimen consisted of an intake of 
400 mg of PTX twice a day with 1000 IU of tocopherol 
(5,7,11,12,14,16,22-25), while in one article the PENTO 
regimen consisted of 400 mg of PTX with 1200 mg of 
tocopherol daily (26). Together with the PENTO thera-
peutic scheme, antibiotics were administered in one 
article (5), but also in 3 studies due to secondary in-
fection (7,11,25). Five studies supplemented this regi-
men with 1600 mg of clodronate (PENTOCLO) for the 
first 5 days of therapy (12,14,16,22,25). Two of these 
studies also added corticosteroids (16,22) and 2 added 
corticosteroids and antibiotics (12,14). The follow up 
period varied between 1 and 119 months and the aver-
age healing times ranged between 3.6 and 13.5 months 
(5,11,12,14,16,22,23,25,26). All studies reported some 
patients with full mucosal coverage without exposed 
bone (considered as healthy) after PENTO treatment, 
ranging between 16.6%- 100% of all patients, depend-
ing on the study (Table 1). 
Clinical improvement or disease stabilization was 
reported between 7.6% and 66.6% of studied indi-
viduals (5,7,12,14,22-26), while disease progression 
was observed only in 5 studies affecting 7.6-32% 
of the patients (Table 1).  PENTO therapy achieved 
a percentage of healthy patients that varied between 
16.6% and 84.6% of the total number of individuals 
(5,7,11,23,24,26), while the addition of clodronate to 
the PENTO therapy obtained a success rate of 54.4 - 
100% (12,14,16,22,25).  The mean healing time ranged 
from 3.6 to 13.5 months (5,11,12,14,16,22,23,25) (Ta-
ble 1). 
Four articles described mild adverse effects result-
ing from PENTO therapy: nausea (12,16), epigastric 
pain (12,16,26), diarrhea (16), headache (12), asthenia 
(12,16), insomnia (12,16) and palpitations (26). One of 
these articles did not specified and only mentioned “an 
adverse side effect of pentoxifylline” (24). One article 
described nausea as an adverse effect resulting from 
the use of clodronate (22), while in two articles they 
did not report adverse effects (14,23). In the remain-
ing four articles, adverse effects were not mentioned 
(5,7,11,25).
- Risk of Bias Assessment
Of the 11 studies, 4 showed high risk of bias (7,16,23,24), 
3 moderate risk (11,22,25) and 4 showed low risk of bias 
(5,12,14,26) (Table 2).

According to the Newcastle-Ottawa System (NOS), the 
vast majority of studies did not present a description of 
how the selection of the cohort was carried out, so the 
selection item presented limited results (7,16,22,25). 
Three articles did not show comparability based on de-
sign and analysis between groups (7,23,24). Most of the 
studies adequately reported the results (5,7,16,22-25), 
however, one study presented flaws in this aspect (11). 
Both non-randomized experimental studies received a 
score of 7/9, considered as low risk of bias (12,14). The 
case series study received a score of 8/10, considered 
also as low risk of bias (26) (Table 2).

Discussion
More than 100 years of research and inquiry have 
passed since the first reported case of ORN, and its 
pathophysiology is still a matter of debate. Up today, 
the most accepted theory is the radiation-induced fibro-
atrophic process (RIF), and since its proposal, the use of 
pentoxifylline and tocopherol (PENTO) was introduced 
in the treatment of ORNJ (14). PTX is a methylxanthine 
derivative that exerts an anti-TNFα effect, increases 
vasodilation and erythrocyte flexibility, and reduces 
fibroblast proliferation, while increasing collagenase 
enzyme activity (27). On the other hand, tocopherol 
(Vitamin E) has an antioxidant action and inhibits the 
expression of procollagen genes, reducing fibrosis of the 
affected tissue (28). This way, these drugs act synergis-
tically as potent antifibrotic agents (28,29).
The first clinical trial that assessed PENTO for the 
treatment of ORNJ was published in 2005. Eighteen 
patients with ORNJ were treated with PENTO, and in 
cases where no improvement was observed during the 
first 3 months, clodronate was added. In total, 16 pa-
tients (89%) achieved total mucosal coverage (14). Simi-
lar results have been also reported by others. Hayashi 
et al. (23) treated 13 ORNJ patients with PENTO and 
reported a complete visual resolution in 84.6% of the 
cases after an average of 13.5 months. However, no 
objective measures were employed to assess treatment 
response (other than visual inspection) and no details 
were given if the cases were in early or in advance stag-
es of the disease (23), which seems to be of importance, 
as some authors have failed to obtain similar success 
rates when including ORNJ cases in advance stages. A 
retrospective study of 85 ORNJ patients treated with 
PENTO (and surgery when needed) reported a complete 
resolution in 65.8% of the cases, with a clear curative 
benefit of PENTO in mild and moderate cases, but more 
limited in advanced cases (7). Similarly, another study 
that included 10 advanced ORNJ cases between their 
cohort of 25 patients, reported a success rate of only 
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Author 
and Year

Country Sample 
size

ORN-RT 
latency

(x̄  years)

PENTO 
protocol

Other intervention Progres-
sion

Stable / 
improved

Healthy Healing 
rate

(months)

Follow-
up 

(months)

Delanian 
et al. (12)

2005

France 18 4,1 800 mg PTX 
- 1000 UI 

VitE (daily)

ATB+CTE+AF (1 
month before the 

protocol).
1600 mg CLO (with 

the protocol for 5 days.
Weekend ATB and 

CTE)

0 %
(0)

11 %
(2)

89 %
(16/18)

5,2 6 - 24

Delanian 
et al. (16)

2011

France 54 4,8 800 mg PTX 
-1000 UI 

VitE (daily)

ATB+CTE+AF (1 
month before the 

protocol).
1600 mg CLO (with 

the protocol for 5 days.
Weekend ATB and 

CTE)

0 %
(0)

0 %
(0)

100 %
(54/54)

9 6-36

McLeod et 
al. (17)
2012

United 
Kingdom

12 2,9 800 mg PTX 
- 1000 UI 

VitE (daily)

- 16,6 %
(2)

66,6 %
(8)

16,6 %
(2/12)

NA 4-46

D’Souza 
et al. (5)

2014

United 
Kingdom

25 2,0 800 mg PTX 
- 1000 UI 

VitE (daily)

100 mg Doxycycline
(daily) with the pro-

tocol.

32,0 %
(8)

48,0 %
(12)

20,0 %
(5/25)

9 - 11 41–119

Robard 
et al. (19)

2014

France 27 3,2 800 mg 
PTX- 1000 

UI VitE
(daily)

ATB+CTE+AF (1 
month before the 

protocol)
1600 mg CLO (with 

the protocol for 5 days. 
Weekend CTE)

0 %
(0)

40,7 %
(11)

59,2 % 
(16/27)

3,6 12

Lyons
et al. (7)

2014

United 
Kingdom

85 NA 800 mg PTX 
- 1000 UI 

VitE (daily)

ATB (before the 
protocol)

In case of infection 
ATB with the protocol.

11,7 %
(10)

22,3 %
(19)

65,8 % 
(56/85)

NA 1-24

Hayashi 
et al. (18)

2015

USA 13 NA 800 mg PTX 
- 1000 UI 

VitE (daily)

- 7,6 %
(1)

7,6 %
(1)

84,6 %
(11/13)

13,5 1-33

Patel 
et al. (21)

2016

United 
Kingdom

25 NA 800 mg PTX 
- 1000 UI 

VitE (daily)

In case of infection 
ATB with the protocol.

NA NA 56 %
(14/25)

8 2-36

Dissard 
et al. (20)

2019

France 27 4,4 800 mg PTX 
-1000 UI 

VitE (daily)

ATB+CTE+AF (1 
month before the 

protocol).
1600 mg CLO (with 

the protocol for 5 days. 
Weekend CTE and 

omeprazole)

NA NA 86,6 % 
(13/15)

9,6 1-24

Patel
et al. (15)

2020

United 
Kingdom

169 5,3 800 mg PTX 
- 1000 UI 

VitE (daily)

ATB (before the 
protocol)

With the protocol: 
1600 mg CLO (Daily)

in case of infection 
ATB.

14,2 %
(24)

31,4 %
(53)

54,4 % 
(92/16)

12,9 5-33

Dos Anjos
et al. (24)

2021

Brazil 25 1,7 400 mg 
PTX-

1200 mg 
VitE (daily)

- 0%
(0)

24%
(6/25)

76%
(19/25)

NA NA

PTX: Pentoxifylline, VitE: Tocopherol, ATB: antibiotics, , CLO: Clodronate, CTE: Corticosteroids, AF: Antifungal, NA: Not Available.

Table 1: Summary of reviewed articles.
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Risk of bias for Cohort studies

Author

Representa-
tiveness of 

the Exposed 
Cohort

Selection 
of the 
Non-

Exposed 
Cohort

Ascer-
tainment 
of Expo-

sure

Demonstration that 
Outcome of Interest 
Was Not Present at 

Start of Study

Based 
on de-

sign and 
analysis

Assessment 
of the out-

come

Follow‐
up

Adequacy of 
Follow‐up

Overall 
score and 

quality

McLeod 
et al. (17) + - - + - - + + 4 (high 

risk)

D’Souza 
et al. (5) + + - + ++ - + + 7 (low 

risk)

Robard 
et al. (19) + - - + + - + + 5 (modera-

te risk)

Lyons
 et al. (7) + - - + - - + + 4 (high 

risk)

Hayashi 
et al. (18) + - - + - - + + 4 (high 

risk)

Patel 
et al. (21) + + - + ++ - + - 6 (modera-

te risk)

Dissard 
et al. (20) + - - + + - + - 4 (high 

risk)

Patel 
et al. (15) + - - + + - + + 5 (modera-

te risk)

Risk of bias for non-randomized experimental studies

Author

Clarity 
of cau-
se and 
effect

Partici-
pants in-
cluded in 
any com-
parisons 
similar

Par-
ticipants 
in any 

compari-
son who 
received 
similar 

treatment/
care

Control 
group

Multiple 
measure-
ments of 

the outcome 
both pre 

and post the 
interven-
tion/expo-

sure

Follow up

Par-
ticipants’ 
outcomes 
included 
in any 

measured 
compari-

son

Outcomes 
measured 

in a reliable 
way

Appropriate sta-
tistical analysis

Overall 
score and 
quality

Delanian 
et al. (12) Yes Yes Yes Yes Yes Yes No Yes No 7 (low 

risk)

Delanian 
et al. (16) Yes Yes Yes No Yes Yes No Yes Yes 7 (low 

risk)

Risk of bias for case series

Author

Clear 
inclu-
sion 

criteria

Condition 
measure-
ment in a 
standard 
and reli-
able way 

for all

Valid 
methods 

for identi-
fying the 
condition 

of all

Conse-
cutive 
inclu-
sion

Full inclu-
sion

Clear 
reporting 
of partici-

pant demo-
graphics

Clear 
reporting 
of clinical 
informa-
tion from 
partici-
pants

Clearly 
reported 
results

Clear 
reporting 
of demo-
graphic 

informa-
tion from 
present-
ing sites/
clinics

Appro-
priate 
statis-
tical 

analy-
sis

Overall 
score and 

quality

Dos 
Anjos 

et al. (24)
Yes Yes Yes Yes No Yes Yes Yes Yes No 8 (low 

risk)

20% (n=25) (5). Considering these results, it seems that 
PENTO therapy can be beneficial, even curative, during 
early stages of ORNJ, but not in advance stages. 
One study compared PENTO as a single therapy with 
other treatment alternatives, such as PENTO with an-
tibiotics, PENTO with hyperbaric oxygen (HBO) and 
PENTO with surgical management.  The highest treat-

ment success was observed in the PENTO + surgery 
group (60%), followed by PENTO only group (56%) 
and PENTO + antibiotics group (27%). No resolution 
was observed in the PENTO + HBO group (11), which 
agrees with the results from Annane et al., who showed 
that HBO therapy had no advantage over any other 
treatment method (30). Another study compared the use 

Table 2: Risk of bias analysis for cohort, non-randomized experimental studies and case series.
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of PENTO with HBO and local debridement (31). The 
success response of PENTO was not good, however, the 
number of patients who required mandibular resection 
and free flap reconstruction was lower compared to pa-
tients treated with HBO and debridement (5). 
Various authors suggest the addition of clodronate in 
advance or refractory cases of ORNJ, showing high 
response rate (12,14,16,22,25). Clodronate is a first-
generation non-nitrogenous oral bisphosphonate which 
reduces osteoclast activity and is used for the treatment 
of osteoporosis and hypercalcemia secondary to ma-
lignant neoplasms (32). Although bisphosphonates are 
clearly implicated in medication-associated osteone-
crosis of the jaw (MRONJ), clodronate is the exception, 
because is the only bisphosphonate with the ability to 
stimulate osteoblasts, promote bone formation and de-
crease proliferation of osteoblasts and fibroblasts, en-
hancing the antifibrotic effect of PENTO (14,32).
A study that evaluated the use of PENTO associated 
with clodronate, and in certain cases complemented 
with sequestrectomy, reported a success rate of 86.6%. 
The authors concluded that the use of clodronate could 
avoid surgical debridement and increased clinical im-
provement (16). Delanian et al. evaluated the combina-
tion of PENTO with clodronate in ORNJ cases refrac-
tory to conservative treatment with HBO and surgery. 
In 100% of the cases (n=54), the lesions healed after an 
average of 9 months of treatment (12). McLeod et al. 
used the PENTO therapeutic protocol described by De-
lanian et al. (12) in 12 patients, but they did not adminis-
trate clodronate in severe cases of ORNJ. They reported 
healing in 16.6% of the patients but with many patients 
achieving disease stabilization (24). Dispensing clodro-
nate in severe cases of ORNJ could explain the low suc-
cess rate obtained in the study from McLeod et al. (24). 
Nevertheless, there is no robust evidence to support that 
statement, therefore, more RCTs are needed to confirm 
the efficacy of clodronate in severe cases of ORNJ.
Currently, there is no validated protocol that establishes 
the therapeutic doses of PENTO for ORNJ treatment 
and other complementary alternatives. Although most 
of the studies use a daily intake of 800mg of PTX with 
1000 UI of Vitamin E, other therapeutic regimens have 
been used. Therefore, the heterogeneity in drug ad-
ministration makes difficult to compare between dif-
ferent studies. It is also not clear how long the patient 
should remain under treatment. It has been pointed 
out that treatment should be administered for at least 6 
months or when obtaining clinical resolution (14), but 
it should be considered that severe cases may require 
longer treatment periods (12,14). Well-designed clinical 
studies are needed to determine the ideal duration of 
PENTO therapy.
Some authors are in favor of administering preparatory 
interventions before starting PENTO therapy. Antibiotic 

and anti-inflammatory treatment for 2 to 4 weeks before 
starting with PENTO, to minimize the acute inflamma-
tory phase and resolve any infectious condition, have 
been used by most of the studies (7,12,14,16,22,25). In-
terestingly, the highest percentages of healthy patients 
were reported in those reports. As for the studies where 
antibiotics were used simultaneously with PENTO, 
they did not report great treatment success (5,11). This 
could be explained by the fact that infection could affect 
the medications coverage of the affected area, causing 
treatment failure. PENTO therapy presented excellent 
adherence and tolerance by patients, reporting mild 
adverse-side effects, such as nausea, epigastric pain, 
diarrhea, headache, palpitations, asthenia, and insom-
nia in a minimum number of patients, which improved 
considerably with dose adjustment (24).
There are some limitations of the conclusions that can 
be drawn from this review. Most of the studies included 
here were retrospective, and some of them presented 
high risk of bias. In addition, there was great hetero-
geneity between different studies in terms of follow-
up times, therapeutic protocols, classification systems 
and preparatory/complementary interventions, which 
makes the creation of a treatment algorithm very dif-
ficult.

Conclusions
PENTO treatment is an effective treatment for mild to 
moderate cases of ORNJ, but not in advanced lesions. 
For advance stages of the disease, surgical intervention 
is still the first treatment option, nevertheless, before 
and after surgical treatment PENTO therapy is also 
advisable. The development of a treatment algorithm 
is desirable, but more standardized clinical trials are 
necessary to determine proper pharmacological doses 
of PENTO. Also, to reduce heterogeneity between the 
outcomes reported in clinical trials, the development of 
a core outcome set for assessing ORNJ is also needed.
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