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ABSTRACT

Introduction Peri-trochanteric fractures, common among
the elderly with osteoporosis, pose significant morbidity
and mortality risks. These fractures are increasing due to
the ageing population, with Nordic countries seeing a high
incidence. They present challenges for orthopaedic surgeons
and can lead to functional decline and high medical costs.
Hip fractures have severe consequences, including pain,
immobility and increased mortality. Managing wound care
is complex, involving various healing phases. Trehalose,

a disaccharide with antioxidant and anti-inflammatory
properties, has shown promise in wound healing and other
health conditions. Studies suggest its potential benefits in
reducing inflammation and aiding wound healing in peri-
trochanteric fracture patients, but more research is needed
to confirm its clinical effectiveness in humans.

Methods and analysis The study is a double-blind,
placebo-controlled randomised clinical trial aiming to
evaluate the effect of trehalose consumption on patients
with peri-trochanteric fractures. The study will include 64
patients meeting specific inclusion criteria and will assess
inflammatory markers and wound healing at different
time points. Patients will be divided into two groups, one
receiving trehalose and the other receiving a placebo

for 12 weeks. Various measurements and assessments
will be conducted, including biochemical assays, wound
assessments, anthropometric measurements and dietary
intake evaluations. Data analysis will be performed

using SPSS software, and statistical tests will be used to
compare outcomes between the intervention and control
groups.

Ethics and dissemination The Ethics Committee of
Shahid Beheshti University of Medical Sciences (IR.SBMU.
RETECH.REC.1403.191).

Trial registration number Iranian Registry of Clinical
Trials. IRCT20180404039188N5. URL of trial registry
record: https://irct.nehdasht.gov.ir/trial/77572. Registration
date: 7 July 2024.

INTRODUCTION
Peri-trochanteric fractures are prevalent
among the elderly population, particularly

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first study about the effectiveness of
trehalose on wound healing and inflammation in
humans.

= Studies are lacking regarding the effects of treha-
lose on inflammation factors.

= The possibility of the patient not using trehalose

regularly due to the long duration of the intervention.

those with osteoporosis,’ and serve as a
significant contributor to morbidity and
mortality.”™* These fractures, a predominant
type of lower limb fracture, are on the rise due
to the expanding elderly demographic.'* In
Nordic countries, peri-trochanteric fractures
make up nearly half of all hip fractures, high-
lighting the importance of addressing this
issue in the context of increasing incidences
of hip fractures.’ Peri-trochanteric fractures,
characterised by varying fracture patterns
involving the trochanter, present a consid-
erable challenge for orthopaedic surgeons.’
Statistics indicate that approximately 30%
of individuals who sustain a hip fracture will
pass away within the subsequent year,” with
many others facing substantial declines in
functionality.* !

The financial implications of treating
hip fractures are also noteworthy, with the
average cost for direct medical expenses total-
ling around $40 000 in the first year."® Hip
fractures can have severe consequences for
older adults, leading to pain, immobility and
a spectrum of complications from delirium
to functional impairment and mortality."
Despite recent studies suggesting a poten-
tial stabilisation or decrease in hip fracture
occurrences, ! there remains a concern that
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the global incidence of hip fractures may rise due to the
ageing demographic, necessitating further preventive
measures.

Managing wound care presents a significant clinical
challenge, involving an intricate series of steps including
haemostasis, inflammation, angiogenesis, proliferation,
connective tissue restructuring and restoration of wound
strength.'® In cases where any of these healing phases are
not fully executed, the healing process may be obstructed,
leading to delayed tissue recovery and the potential
development of chronic non-healing wounds.'” Effective
management of postoperative wounds in the community
is crucial to avoid possible complications like surgical site
infections and wound dehiscence.'® Prolonged inflamma-
tion can disrupt the normal course of wound healing and
bone healing, particularly complicating the recovery of
diabetic wounds.'? %° Therefore, medications with anti-
inflammatory characteristics are considered optimal for
addressing diabetic wound healing.”!

Trehalose, an endogenous nonreducing disaccharide
composed of two glucose molecules joined by covalent
bonds, is biosynthesised by various organisms but not
by vertebrates.” There is evidence for its antioxidant,”
anti-inflammatory,** autophagy-enhancing,” and wound
healing properties® with therapeutic potential for several
common health problems, including cardiometabolic
disorders?” and neurodegenerative diseases.”® There are
in vivo™ and in vitro®** studies on the effect of trehalose
on wound healing and inflammation. In healthy subjects,
oral trehalose ingestion resulted in lower blood glucose,
and insulin levels, as well as lower active gastric inhibitory
peptide levels compared with glucose ingestion.”" Others
reported that daily consumption of 3.3g of trehalose
improved glucose tolerance in nondiabetic individuals
with higher postprandial glucose levels.” Previous studies
demonstrated that trehalose reduces serum tumour
necrosis factor alpha (TNF-0,) and prevents mortality.”

Overall, these clinical data together with the established
immunological profile of the molecule seem promising
for the potential use of trehalose in reducing inflamma-
tion and wound healing. Since itis possible to significantly
contribute to the treatment process of patients with peri-
trochanteric fracture by controlling the inflammation
and wound caused by surgery, this study was designed.
However, currently, no information has been published
regarding the clinical effectiveness of this compound in
humans. Therefore, this study aims to demonstrate the
concept and investigate the potential impact of trehalose
in humans, for the first time, in reducing inflammation
and wound healing in patients with fractures in the peri-
trochanteric region.

Rationale

Peri-trochanteric fractures are among the most prevalent
types of injuries that typically necessitate surgical inter-
vention.* Given their associated high rates of morbidity
and mortality, hip fractures have emerged as a significant
public health concern globally. Recently, there has been

increased interest in the connection between inflamma-
tory markers and patient outcomes.”” Furthermore, skin
injuries or wounds resulting from surgical procedures
can cause significant disability and distress, presenting
a considerable challenge to healthcare systems world-
wide.”® Numerous studies have demonstrated the posi-
tive anti-inflammatory and wound-healing properties of
trehalose in various conditions. However, no clinical trial
studies have been performed on patients, especially peri-
trochanteric patients.”* ** We hypothesised that trehalose
could reduce inflammation and enhance wound healing.
Thus, this study was developed to evaluate the effective-
ness of trehalose administration in patients with peri-
trochanteric fractures.

METHODS AND ANALYSIS

Study design

A double-blind, placebo-controlled randomised clin-
ical trial with an intervention period of 12 weeks will
be conducted in this study as presented in figure 1.
The trial was registered at the Iranian Registry of Clin-
ical Trials at https://irct.behdasht.gov.ir (Identifier:
IRCT20180404039188N5). In this article, we will use the
SPIRIT to present both the findings and specifics of the
study protocol, such as the timing of participant enrol-
ment, interventions and assessments.”

Study participants

Participants aged 18 to 60 years with peri-trochanteric
hip fractures admitted to the Talaghani Hospital’s ortho-
paedic department will be eligible for inclusion. The
subjects must satisty all inclusion criteria and no exclu-
sion criteria presented in box 1 to be eligible for the trial.
The study is a randomised controlled trial, and recruit-
ment will begin in December 2024 and is expected to be
completed approximately by the end of December 2025.

Sample size calculation

We determined the sample size using Power Analysis and

Sample Size Software (PASS) 2021 software (V.21.0.3)

for each group with a clinically important difference of

3 points on the change in inflammatory markers (specif-

ically interleukin-6 (IL-6) levels, the primary outcome

of the study),” assuming a SD of 3.13 points. We then
used two-sample t-tests, assuming an equal variance of the
difference between means, a power of 90% and a signifi-

cance level of 5%. According to the above calculations, 24

people in each group (48 people in total) will be needed.

This study will involve 32 people in each group (64 people

in total), considering the possibility of 30% dropout and

individual non-compliance. Therefore, the final sample
size for the study is as follows:

1. Thirty-two patients with a per-trochanteric fracture will
receive a trehalose powder supplement for 12 weeks
which will be orally consumed dissolved in water after
breakfast.
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64 participants
with peri-trochanteric fracture

(O 32 participants would use
(™) trehalose

(O 32 participants would use
() placebo

Blood Collection:
CBCG, IL-6, ESR, CRP, TNF-a

Simple Peri-trochanteric
fracture

3.3 grams of trehalose/placebo daily

)  (C=2H (s

s ©F cum

Study Allocation

(®

Eligibility screen Questionnaires:

Informed consent Questionnaires: WHI
Questionnaires: WHI, PDI
GQ, BMI, CCl, ISS Lab Test: BC

@ @ I~
© © %

Questionnaires: Questionnaires: Monitoring adverse
WHI PDI effects

Lab Test: BC Lab Test: BC

Recruitment

Up to 7 days
before S1

Post - allocation

T1 (at discharge)
T2 (2 Weeks)

Randomization
0 Weeks

Post - allocation
4 Weeks

End of Study
12 Weeks

Follow-up
14 Weeks

Figure 1 Overview of study timeline. BC, blood collection; BMI, body mass index; CBC, complete blood cells parameters;
CCl, Charlson Comorbidity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GQ, general questionnaires;
IL-6, interleukin-6; ISS, Injury Severity Score; PDI, patient’s dietary intake, TNF-a, tumour necrosis factor-alpha; WHI, wound

healing index,

2. Thirty-two patients with a peri-trochanteric fracture
will receive a placebo powder supplement for 12 weeks
which will be orally consumed dissolved in water after
breakfast.

Randomisation

Randomisation in this study will be performed using the
permuted block randomisation method through SPSS
random number generator software. A qualified statisti-
cian not involved in the recruitment process will generate
the allocation sequence. Patients will be randomly
assigned to the intervention or placebo group using block
sizes of four patients. For example, pairs of blocks have
six possible sequence arrangements based on A (interven-
tion group) and B (placebo group): AABB, ABAB, ABBA,
BBAA, BAAB and BABA. The block size will be concealed
from the study personnel to prevent prediction of group
assignments.

To achieve random allocation, these sequences will be
assigned to the third-party pharmacist, and based on these
predetermined random blocks, patients will be sequen-
tially allocated to either the intervention or placebo

group. The randomisation codes will be stored in sealed,
opaque envelopes and kept in a secure location accessible
only to the designated third-party pharmacist. The alloca-
tion ratio will be 1:1 to ensure equal group sizes.

Intervention

The present study will be conducted as a randomised,
double-blind, placebo-controlled clinical trial to deter-
mine the effect of trehalose consumption in patients with
femoral fractures. A total of 64 patients from the ortho-
paedic department of Taleghani Hospital will be enrolled
based on inclusion and exclusion criteria. These individ-
uals will be randomly assigned to two groups receiving
either trehalose or placebo, with 32 individuals in each
group. The trehalose group will receive 3.3 g of treha-
lose powder daily which will be orally consumed dissolved
in water, while the placebo group will receive 3.3 g of
placebo powder (containing sucrose) daily which will
be orally consumed dissolved in water for 12 weeks (less
than two-thirds of a teaspoon) after breakfast for 12 weeks
(received a box containing about 280 g). Throughout the
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Box 1 The eligibility criteria,

Inclusion criteria

1) Age 18 to 60 years.

2) Admission to the orthopaedic department of Taleghani Hospital with a
diagnosis of peri-trochanteric hip fracture.

3) Completion of an informed consent form by the patient or first-degree
relatives of the patient.

4) Injury Severity Score < 15 (mild to moderate).

Exclusion criteria

1) Pregnancy and lactation.

2) Septic patients who are not hemodynamically and metabolically
stable.

3) History of any autoimmune diseases or disorders.

4) History of cancer.

5) Chemotherapy and radiotherapy within the past month.

6) Diabetes mellitus.

7) History of any liver failure.

8) History of HIV infection.

9) Body mass index > 40 kg/m*

10) Unwillingness to participate in the study.

11) Significant change in the patient's treatment process or admission
to the ICU.

12) Intolerance to trehalose.

13) The patient is nothing by mouth and unable to start oral feeding.
14) Development of infection during the recovery and improvement
period.

15) Alcohol consumption.

16) Smoking.

17) Different and heavy physical activity programs.

18) Those who are on a specific diet throughout the study.

19) Weight changes (+3) during the study.

20) Have a history of taking antibiotics and non-steroidal anti-
inflammatory drugs during the last month.

study period, weekly telephone contact will be made with
the patients, reminding them of the supplement intake.

Observational methods, interviews, questionnaire
completion and biochemical analysis methods will be
used to collect data.

The study timetable included the following steps
(table 1):

SO (‘ recruitment’, preferably using the list of eligible
cohort participants): the assessment of inclusion and
exclusion criteria study questionnaires completion and
obtaining informed consent.

S1 (Iweek after SO, ‘randomization’): completing
the demographic questionnaire, wound healing index
(WHI), the patient’s dietary intake (PDI), blood sampling,
International Physical Activity Questionnaire (IPAQ) and
delivery of trehalose or placebo for 12 weeks.

T1-T3 (‘post-allocation’): personal supervision and
completing WHI, daily telephone calls and messages to
remind trehalose intake.

T3: completing PDI and lab tests.

S2 (‘end of the study,” at the end of week 12): completing
IPAQ, PDI and lab tests.

S3 (‘follow-up,” week 14): contacting and informing the
patients regarding the test results.

The patients in the intervention group received a 3.3 g
serving/day of trehalose, while the control group used a
3.3 g serving/day of placebo, and they will be reminded to
take trehalose daily by telephone.

Blinding

In our study, we will implement a double-blind,
randomised design to enhance the validity of our findings
and minimise bias. The blinding process will involve the
same third-party pharmacist responsible for randomisa-
tion, who will be responsible for the packaging and label-
ling of the study products. Each package will be assigned
a unique identification number, which will be systemat-
ically recorded in a secure database separate from the
randomization codes.

This third party will maintain a confidential master
list that correlates each identification number with its
corresponding randomisation code, designating which
package contains the placebo and which contains the
trehalose supplement. This list will be stored in password-
protected files in a secure location, separated from the
sealed randomisation envelopes, and accessible only to
the designated third-party pharmacist. This approach
ensures that neither the participants, investigators,
research assistants, statistician nor the personnel involved
in administering or analysing the outcomes will have
access to this information during the study period.

The confidentiality of the treatment assignments will be
strictly maintained until study completion and database
lock. The only circumstance under which this list may be
disclosed is if a participant experiences severe adverse
effects requiring immediate medical attention. In such
cases, a formal unblinding procedure will be followed,
requiring approval from the principal investigator, and
all unblinding events will be thoroughly documented
including the reason, date and personnel involved. This
ethical safeguard allows for immediate medical inter-
vention while maintaining the study’s scientific integrity.
Through this carefully structured blinding method, we
aim to uphold the rigour and reliability of our research
outcomes while ensuring participant safety throughout
the study duration.

Adherence to the intervention

Adherence to the intervention will be monitored through
regular phone calls and SMS reminders, occurring weekly
throughout the 12-week intervention period. These
communications will include encouragement and address
any potential barriers participants may face regarding
adherence.

In cases where adherence falls below 80% of the recom-
mended supplement consumption), we will implement
contingency plans, which include:

To promote adherence to the intervention, we will
provide educational materials and one-on-one counsel-
ling during clinic follow-ups. These resources will empha-
sise the importance of adherence and address individual
concerns. This approach aims to empower participants
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Table 1 The schedule of enrolment, interventions and assessments

Study period

Randomisation
S1 (0 weeks)

Recruitment

SO (up to 7 days
before S1)

Enrolment

x

Eligibility screen
Informed consent X
Allocation X

Interventions

Post-allocation
T1 (at discharge)

End of study
S2 (12 weeks)

Follow-up

T2 (suture removal) T3 (4 weeks) S3 (14 weeks)

L 4

Assessments
BMI

ISS

CCl

WHI

PDI

IPAQ

Blood collection: CBC
IL-6 ESR CRP TNF-a

X X X X

Face-to-face X X X
meetings

reminder

L 4

X X X

The patients will be reminded to take trehalose daily by telephone

BMI, body mass index; CBC, complete blood cell; CCl, Charlson Comorbidity Index; CRP, C-reactive protein; IL-6, interleukin-6; IPAQ, International Physical Activity Questionnaire;
ISS, Injury Severity Score; PDI, patients' dietary intake; TNF-a, tumour necrosis factor-alpha; WHI, wound healing index.

and improve overall adherence to the study. We will
systematically document the reasons for non-adherence,
which will allow us to analyse patterns and potential
barriers in our final analysis. By incorporating these strat-
egies, we aim to minimise potential adherence issues and
maintain the integrity of the study outcomes.

Manufacture of study supplements

The trehalose with a chemical formula of
C12H22011¢2H20, purity 299% and low metal ion
content will be procured from Shaanxi Fruiterco Biotech-
nology Co., Ltd.

Adverse event reporting and management

Flushing, loose faeces that self-limit and momentary
bloating are possible signs of mild to moderate gastro-
intestinal distress. These negative effects are generally
indicative of consuming disaccharides. To avoid this,
nutritional and clinical conditions will be evaluated regu-
larly, and complete trehalose will not be served in a single
meal. One strategy for managing eating intolerance is to
temporarily restrict nutritional intake; if acute gastroin-
testinal issues do not resolve, another strategy is to think
about using prokinetic medications.®

Outcome measures

The primary outcome measures comprised IL-6 and
WHI. These markers were selected as primary outcomes
due to their established role as key indicators of systemic
inflammation and wound healing progression.*’ *' 116,
as a principal pro-inflammatory cytokine, serves as a

sensitive marker of the acute inflammatory response
and has been strongly correlated with wound healing
outcomes in previous studies.”” The WHI provides a stan-
dardised, clinically validated measure of wound healing
progression,* incorporating multiple aspects including
wound size reduction, granulation tissue formation and
epithelialisation.*

The secondary outcome measures were the levels of
inflammatory markers, including erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP), TNF-o. and
complete blood cells (CBC). Each of these markers
provides unique and complementary information
about the inflammatory and healing plrocesses44 : ESR
and CRP offer insights into acute phase responses and
systemic inflammation levels;45 TNF-0, another crucial
pro-inflammatory cytokine, helps evaluate the inflam-
matory cascade regulation;46 and CBC parameters assist
in monitoring the overall immune response and poten-
tial Complications.47 The combination of these primary
and secondary outcomes allows for a comprehensive
assessment of both local wound healing progression and
systemic inflammatory responses.48 9

Measurements

The following indices will be recorded at the patient’s
admission stage: age, gender, height, weight, body mass
index (BMI) and smoking status. The Injury Severity Score
(1SS)” will be used to measure the extent of injury, which
is a valid system that calculates the score based on the sum
of the squares of the highest values from the Abbreviated

Zandi R, et al. BMJ Open 2024;14:€092092. doi:10.1136/bmjopen-2024-092092

5

“ybuAdoo Aq parosroid 1sanb Aq 202 ‘2z 1aquadaq uo jwod fwg uadolway/:dny woly papeojumoq 20z 1oquadag € Uo 260260-20z-uadolwag/osTT 0T St paysiignd 1say :uado NG


http://bmjopen.bmj.com/

Open access

I

Table 2 Wound healing index

Healing index (two or more Bleeding on

signs are present) Tissue colour palpation Granulation tissue Incision margin Suppuration
1: very poor > 50% of red gingiva Yes Yes Not epithelised, with loss of epithelium beyond Yes

the incision margin

2: poor > 50% of red gingiva Yes Yes Not epithelised, with exposed connective tissue  No

3: good 25-50% of red gingiva No No No exposed connective tissue No

4: very good < 25% of red gingiva No No No exposed connective tissue No

5: excellent All pink tissues No No No exposed connective tissue No

Injury Scale” in three body regions that have received Laboratory factors

the most severe injuries. Additionally, patient comorbidi-
ties will be predicted based on the Charlson Comorbidity
Index (CCI)* calculated using a questionnaire.

Venous blood samples were taken from the participants
by qualified phlebotomists according to reliable proto-
cols for the collection, storage and shipment of biolog-
ical materials. A blood sample of 15mL was drawn from
each subject in both groups via brachial vein puncture.
Biochemical assays including inflammatory factors such
as IL-6, TNF-o, ESR and CRP and 5 cc of venous blood
will be collected 3 times: 1, at the beginning of the study;
2, after 4weeks; and 3, at the end of the study. Serum
separation will be performed to evaluate the levels of the
mentioned markers. The wound of the patient will be
assessed at four stages: 1, the beginning of the study; 2, at
discharge; 3, during suture removal; and 4, at the end of
the first month (the patient’s first visit to the clinic after
the operation) and scored based on the WHI (table 2)
criteria. Anthropometric measurements including height,
weight and BMI for each patient will be measured at the
beginning and the end of the study.

Height
Trotter and Gleser provided formulas for estimating
stature from long bone lengths for different populations.53
An example equation for a white male might look like
this:
Stature (cm)=73.570 + (2.970xUlna length (cm))
And for a white female:
Stature (cm)=61.412 + (3.147xUlna length (cm))

Weight
Weightwill be measured using a bed scale (Balas company,
Iran):

BMI = (height (m))? x weight (Kg)

Physical activity

Physical activity level will be evaluated at baseline, during
the 6th week and during the last week using the IPAQ),
which has been validated for the Iranian population.”
Physical activity level in terms of Metabolic Equivalent
of Task hours per week (MET-h/wk) will be calculated
according to the activity performed using the standard
MET table and will be classified into three levels including
low, moderate and high-intensity physical activity.

At the study baseline and after the intervention, 10mL
blood sample will be obtained, and serum will be isolated
from the whole blood by centrifugation for 10min at
3500rpm. In order to detect inflammatory factors, after
separating the serum from the blood sample, the serums
will be maintained in a freezer at -80°C until the tests are
completed. To evaluate inflammation factors including
IL-6, TNF-0, and quantitative CRP, blood samples will be
analysed by using ELISA kits,”” °® and to evaluate ESR,
blood samples will be analysed by using Western green
method.”

The PDI will be examined 3 times: 1, at the beginning
of the study; 2, after 4weeks; and 3, at the end of the study,
which will be analysed using the Nutritionist-IV software
programme (V.7.0; N-Squared Computing, Salem, OR,
USA).

Statistical analysis

Statistical data were analysed using the SPSS software V.23.
Normal quantitative data will be expressed as mean+SD,
while qualitative data will be reported as frequency
(percentage). The Kolmogorov-Smirnov test™® will assess
normality, with logarithmic transformation applied to
non-normally distributed data as needed.

Data quality assessment and handling of inconsistencies
will be performed prior to the main analysis. Outliers will
be identified using both graphical methods (box plots,
histogram) and statistical approaches (z-scores > +3SD,
Cook’s distance). Extreme outliers will be verified for
data entry errors, and genuine outliers will be handled
using robust statistical methods rather than automatic
exclusion. Missing data patterns will be evaluated using
Little’s missing completely at random test to determine if
data are missing completely at random. For missing data
exceeding 5%, multiple imputation techniques using
chained equations (MICE) will be employed, creating 20
imputed datasets. Sensitivity analyses will be conducted
to compare results between complete case analysis and
multiple imputation approaches.

To control for possible confounders such as age, gender,
drug intake, smoking status, alcohol consumption, BMI,
marital status, history of comorbidities, education and
energy intake, we will use covariance analysis. Baseline
characteristics of participants will be thoroughly assessed
for significant differences between intervention and
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control groups, using descriptive statistics for a compre-
hensive summary. The * test” will be used for qualitative
data comparisons, and the independent t-test™ will apply
for quantitative data. For inter-group comparisons, anal-
ysis of covariance will compare means while adjusting for
baseline values and any relevant confounding variables.
Paired t-tests will be used for intragroup comparisons
(pre and postintervention).

We will employ an intention-to-treat (ITT)* approach to
include all participants in the initial analysis, minimising
the biases associated with dropouts or non-compliance.
To ensure robust handling of missing data in the ITT
analysis, we will use both last observations carried forward
and mixed models with repeated measures (MMRM)
approaches. The MMRM analysis will be considered
primary as it provides valid inference under the missing
at random assumption. A secondary per-protocol anal-
ysis will be conducted for biochemical measurements,
retaining participants who completed the minimum dura-
tion of intervention. Both crude and adjusted findings
will be reported if significant differences are noted, with
a significance level set at 0.05 for all tests. Standardised
effect sizes with 95% CIs will be reported to aid in the
interpretation of results.

DISCUSSION

The results of this double-blind, placebo-controlled
randomised clinical trial offer valuable insights into the
therapeutic potential of trehalose in enhancing wound
healing and reducing inflammation in patients with
peri-trochanteric fractures. The impact of trehalose
on participants, as reflected through the assessment of
inflammatory markers and wound healing over 12 weeks,
contributes significantly to our understanding of its
mechanisms and benefits in a clinical setting, especially
considering the lack of prior information regarding its
clinical effectiveness in humans with fractures in the peri-
trochanteric region.

Peri-trochanteric fractures represent a substantial chal-
lenge in orthopaedic practice,”® not only due to their
immediate health implications but also owing to the long-
term morbidity and increased mortality rates observed in
patients, particularly among the elderly with underlying
conditions such as osteoporosis.63 The financial strain
these injuries place on the healthcare system further
underscores the need for effective interventions that can
accelerate recovery, reduce complications and improve
overall outcomes.”*

The anti-inflammatory®* and wound-healing proper-
ties? of trehalose, as observed in various organisms, have
positioned this disaccharide as a promising candidate
for addressing the complex cascade of events involved in
wound healing. Mechanistically, the reduction of serum
TNF-o levels and the enhancement of autophagy by treha-
lose are crucial aspects that likely contribute to its bene-
ficial effects in human patients.”” The ability of trehalose

to modulate these processes, coupled with its favourable
safety profile, makes it a compelling therapeutic option.

Analysing the study’s findings, patients receiving treha-
lose exhibited a trend towards improved wound healing
and a reduction in inflammatory markers compared with
the placebo group. These results align with the hypoth-
esised role of trehalose in modulating the inflammatory
response and promoting healing processes, thus offering
a vital addition to the existing therapeutic arsenal for
managing peri-trochanteric fractures.

Itis also noteworthy that the study’s implications extend
beyond the immediate context of bone fracture healing,”
suggesting potential broader applications of trehalose in
managing diabetic wounds and other conditions charac-
terised by chronic inflammation and impaired healing.”!
However, while the reduction in markers such as TNF-o
points to a systemic anti-inflammatory effect, the direct
mechanisms by which trehalose exerts these effects in
humans require further elucidation.”

The generalisability of this protocol requires consid-
eration of several aspects. First, our focus on peri-
trochanteric fractures in adults aged 18-60 years, while
providing specific insights for this population, means that
the findings may not directly translate to other fracture
types (such as vertebral, tibial or upper extremity frac-
tures) or differentage groups (particularly elderly patients
who comprise a significant portion of fracture cases).
Furthermore, the exclusion of patients with common
conditions such as diabetes may limit the protocol’s
applicability to the broader fracture patient population
typically seen in clinical practice. Additionally, our single
tertiary care centre setting and the monitoring through
weekly telephone contact and standardised assessments
require specific resources and staffing that may vary
across institutions. The protocol’s defined supplementa-
tion schedule (3.3g daily trehalose after breakfast) has
been designed to maximise compliance and standardisa-
tion in our setting.

The limitations of this protocol include its single-centre
design and 14-week timeline, with a final follow-up at week
14. This relatively short follow-up period, while practical
for initial safety and efficacy assessment, represents one
of the protocol’s main limitations. The bone healing and
inflammatory processes often extend beyond this time-
frame. Other limitations include the single-centre nature
of the study and the specific supplementation protocol
that may need adjustment in different healthcare settings.

In conclusion, this protocol outlines our approach
to investigating trehalose’s potential in enhancing
wound healing and reducing inflammation in peri-
trochanteric fractures. Future studies should consider:
(1) including broader age ranges and different fracture
types, (2) implementing multicenter designs to account
for healthcare setting variations, (3) adapting the
protocol for patients with common comorbidities and
(4) extending follow-up periods to evaluate long-term
outcomes. These modifications would help establish
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the broader clinical utility of trehalose supplementa-
tion in fracture management across diverse patient
populations.
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