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Abstract

Background Many patients during manual therapy after anterior ligament reconstruction will experience severe
pain, which has a negative impact on their rehabilitation. However, there is rarely an analgesic method for these
patients during rehabilitation. Nitrous oxide with rapid analgesic and sedative effects is often used to relieve pain

in minor procedures. The purpose of this study is to determine whether or not nitrous oxide analgesia decreases pain
compared to oxygen during manual therapy after anterior ligament reconstruction.

Methods/design This single-center, randomized, double-blind and controlled trial will recruit 120 patients.

Patients > 18 years old undergoing manual therapy after anterior ligament reconstruction (1 month post-operative)
with acute pain (VAS >4) are included. The main exclusion criteria included the following: pulmonary embolism,
intestinal obstruction, pneumothorax. Patients will be randomly allocated to the intervention group (A) and the con-
trol group (B) in a ratio of 1:1. Doctors, therapists, patients, and data collectors are all blind to the study. The manual
therapy will be performed by therapists. Nurses who implemented the intervention handed the doctors envelopes
containing the patients’' codes and allocation of A or B. Group A will receive a pre-prepared nitrous oxide/oxygen
mixture plus conventional treatment (no analgesic) given as 30-min treatment sessions, once daily, and group B will
receive oxygen plus conventional treatment (no analgesic) under the same conditions. Assessments will be taken

2 min before the intervention (T0), 5 min after the beginning of the intervention (T1), and 5 min after the interven-
tion finished (T2). The primary outcome is pain score. Secondary outcomes include vital signs, side effects, joint range
of motion, adjuvant analgesia need, therapist and patient satisfaction, and whether willing to receive the same gas
again.

Expected outcomes \We expect nitrous oxide inhalation to have a beneficial effect on the pain of patients who
receive manual therapy after anterior ligament reconstruction.

Discussion If this treatment appears beneficial, it could improve patients’satisfaction and quality of life potentially
and even be implemented widely in hospital and rehabilitation settings.
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Introduction

Anterior cruciate ligament (ACL) reconstruction is
one of the most common operations in orthopedic
[1]. ACL reconstruction after a ligament tear has been
considered the key to treatment, especially for those
wishing to resume normal life [2]. However, consider-
able postoperative complications such as pain, swell-
ing, and a sudden impairment of motor function,
muscle contracture, and joint stiffness may occur after
ACL reconstruction surgery [1, 3]. Rapid return to
normal function after surgery is a desirable result for
patients and health providers. Rehabilitation is impera-
tive to implement for alleviating pain and joint range
of motion (ROM) gain [4]. Manual therapy (MT) after
ligament reconstruction includes passive joint move-
ment, joint stretching, free hand strength training, and
other techniques, which are widely used in the post-
operative recovery of various musculoskeletal diseases
[5]. The effect of the technique can be attributed to the
mechanisms of improving soft tissue ductility, stimu-
lating peripheral mechanical receptors, and triggering
neurophysiological responses [6, 7]. Rehabilitation after
ACL reconstruction is painful as it generally begins
early post-surgery. The experience of anxiety and fear
also increases the perception of pain and even hinders
the patients’ compliance with future treatment, which
ultimately impacts surgical results [8]. Pain manage-
ment during rehabilitation may reduce the incidence of
complications, improve quality of life, shorten hospital
stays, and reduce health care costs [9].

Oral or intravenous analgesics are usually used for
immediate to short-term postoperative pain, but there
is no systematic rehabilitation period analgesia pro-
gram through literature review. Commonly used drugs
include systemic opioids, non-steroidal anti-inflamma-
tory drugs, and gabapentinoids [10, 11]. Although they
can alleviate pain, it has many side effects concurrently,
such as nausea and vomiting, lethargy and over-seda-
tion, respiratory depression, and gastrointestinal tract
damage [12]. These side effects may lead to delayed
recovery after anesthesia or early postoperative recov-
ery, increasing the length of stay and reducing patient
satisfaction. Nitrous oxide (N,0O), as an analgesic and
sedative, which has the advantages of simple handling,
fast onset, good effect, and few adverse reactions, is
commonly used in various painful procedures [13].
Different studies have reported that the use of N,O
can bring about notable pain relief in different areas

of medicine such as minor dental surgery, emergency
trauma, labor analgesia, plastic operation, colonoscopy,
cancer pain, bone marrow biopsy, and invasive opera-
tion in pediatrics [14—21]. It usually produces effective
and transient analgesia without changing conscious-
ness and cognition, so patients can soberly cooperate
with therapists during treatment. The device is port-
able and cheap, and patients can control it easily. It was
observed that all side effects (dizziness, euphoria, nau-
sea, vomiting, etc.) were temporary and disappeared
within 5 min after stopping inhalation. No serious
complications were found [22, 23].

There is an absence of a trial assessing the efficacy of
N,O with MT after ACL reconstruction surgery. It is
required that reasonable analgesia for patients who
underwent MT. Thus, the purpose of this study is to eval-
uate the analgesic effect of inhaling N,O during rehabili-
tation on patients receiving MT through a randomized
double-blind controlled trial. We hypothesized that its
analgesic properties would decrease pain compared to
placebo during MT with few side effects.

Method

Study design

The proposed clinical trial will be a single-center, ran-
domized, double-blind, and controlled intervention
study for the analgesic effect and safety of N,O during
MT. It is registered in the Chinese Clinical Trial Regis-
try (ChiCTR2200061175) and is in full adherence to
the principles of the Declaration of Helsinki and Good
Clinical Practice (GCP) guidelines. This trial will be con-
ducted at the rehabilitation department of the 960th Hos-
pital of PLA in China, and 120 patients will be randomly
enrolled in two regimen arms with a ratio of 1:1; the
recruitment will begin in July 2022. Although this study
is a single-center, further multi-center clinical trials will
be conducted in the future to provide more reliable evi-
dence for the research results. The data collection phases
of the CONSORT flow chart and the schedule of enrol-
ment, and interventions are shown in Fig. 1 and Table 1,
respectively.

Ethics and dissemination

This protocol has been approved by the Ethics Com-
mittee (2021-59). We will protect the rights and safety
of participants by full compliance with the Declaration
of Helsinki and GCP guidelines. We will obtain written
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CONSORT 2010 Flow Diagram
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Fig. 1 The CONSORT flow chart

informed consent from the participants. Appropriate
measures will be taken to ensure the confidentiality of
data gathered in this study. The results of this study will
be disseminated to the public through relevant academic
and professional journals and conferences.

Any amendment to the protocol which may influence
the conduct of the trial, the potential benefit or safety of
the patient, including changes in study objectives, study
design, patient population, sample sizes, or study proce-
dures will require a formal modification to the protocol.
Such modifications will be agreed upon by all members
of the trial, and approved by the Ethics Committee before
implementation and notified to the trial registries, jour-
nals, and regulators.

Participants

All patients who received MT after ACL reconstruc-
tion facing acute pain will be invited to participate in
this study. To decrease confounding factors that may
interfere with pain scores during the rehabilitation,
we will recruit patients with relatively consistent sur-
gical site as much as possible (unilateral joint). The

Analysed (n=60)

4 Excluded from analysis (give reasons)(n=0)

inclusion criteria are as follows: willing to participate
in the trial and sign informed consent; man or woman;
age>18 years old; patients underwent primary unilat-
eral ACL reconstruction (1 month post-operative, with
or without meniscal injury or collateral injury); expe-
rience worst pain (during MT) was reported >4 (on a
visual analogue scale (VAS) of 0-10 cm); without post-
operative complication. Exclusion criteria include the
following: patients with pain unrelated to MT; patients
who have undergone other surgical operations on the
knee except for ACL; mental disorder or altered men-
tal status have difficulty in reporting pain; patients with
contraindications to N,O (abdominal distension or
suspected bowel obstruction, air embolism, pneumo-
thorax, decompression sickness, epilepsy, pulmonary
cancer, chronic obstructive pulmonary disease and
acute respiratory infection, pregnancy, severe inhala-
tion injury, pharmaceutical or pathological pulmo-
nary fibrosis, maxillofacial injuries, disease involving
ear, nose, larynx, such as sinuses, otitis media); drug
dependence or abuse. The main inclusion and exclusion
criteria are presented in Table 2.
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Table 1 Schedule of inclusion, interventions and assessments
Time points Study period

Enrolment Post-allocation Close-out

Patients with acute pain caused TO T T2 Data collection measurements

by manual treatment after
anterior ligament reconstruction

Patients
Eligibility screen V
Informed consent N

Allocation V N
Interventions

Intervention group

Control group
Assessments

Pain score

BP

HR

SPO,

Side effects

ROM

Satisfaction

< <l =22

Adjuvant analgesia
Acceptance

<. <

Visual analogue scale

Non-invasive electronic manometer
Digital monitoring

Digital monitoring

I

Yes/no

Goniometer
Satisfied/dissatisfied
Yes/no

Yes/no

B A N .

Abbreviations: BP blood pressure(mm/Hg), HR heart rate(bpm), SPO, oxygen saturation(%), ROM range of motion(°)

Table 2 Main inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Patients with acute pain caused by manual treatment after anterior liga-
ment reconstruction

Age > 18 years old

Willing to participate in the trial and sign informed consent

Background worst pain (during Manual therapy) reported being 4
or higher (on a visual analogue scale (VAS) of 0 to 10 cm)

Without postoperative complication

Patients with mental disorder or altered mental status have difficulty
in reporting pain

Patients who have undergone other surgical operations on the knee
except for ACL

Drug dependence or abuse
Contraindications to N,O (suspected bowel obstruction, air embolism,
pneumothorax, epilepsy, chronic obstructive pulmonary disease, and acute

respiratory infection, pregnancy, pharmaceutical or pathological pulmonary
fibrosis, maxillofacial injuries, disease involving ear, nose, larynx)

Recruitment strategies

Potential participants for the study will be sourced from
the 960th Hospital of PLA, which is a general hospital
in Shandong. Recruitment sources will be focused on
patients who undergoing MT after ACL reconstruction.
A researcher of the team will contact the case manag-
ers, participants, and other relevant staff for information
about the study. Researchers will introduce the details
to patients so that they can fully understand the poten-
tial benefits and risks of participating in this study. If that
patient is interested in participating, they will voluntarily
contact the researcher and complete a “consent to con-
tact form” Special researchers assess that the participants

who meet the inclusion criteria will sign the “informed
consent form” The two gases will be provided to the
participants free of charge. Participants will be provided
with professional medical services and disease assess-
ment by medical workers throughout the study period to
encourage patients to complete the entire study. Appro-
priate compensation will be given to the participants for
the inconvenience of time or any harm by the trial.

Randomization, allocation, concealment and blinding

To minimize selective bias, a member of our research
team is not involved in any other section of the study.
Eligible patients will be randomly divided into the
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intervention and control groups with a ratio of 1:1 to
receive: 30-min inhalation of pre-prepared nitrous oxide/
oxygen mixture plus conventional treatment (no anal-
gesic) or inhalation of placebo consisting of oxygen plus
conventional treatment (no analgesic) for 30 min. Before
initiating recruitment, the randomization sequence is
generated and validated by a statistician using Micro-
soft Excel and then kept by an administrator who does
not participate in this study. The list will be sealed in an
envelope and stored in a designated room to ensure con-
cealment. After participants meet all the inclusion cri-
teria and complete the baseline assessment, the project
manager will apply for random numbers and the patients
will receive the corresponding treatment. Except for the
project manager, who is responsible for gas distribution,
other researchers, operators, and patients do not know
the allocation, to ensure the implementation of blinding.
In addition, considering that two gases will significantly
affect the outcome of this trial, all cylinders with the
same appearance containing N,O and O, will be covered
with labels A and B until completing all the procedures of
this trial.

To maintain the overall quality and legitimacy of the
study, code breaks should occur only in exceptional cir-
cumstances such as serious side effects when knowledge
of the actual treatment is essential for further manage-
ment of the patient. If unblinding is deemed to be neces-
sary, the researcher should use the emergency system for
unblinding.

Intervention

After inclusion in the study, participants will be rand-
omized into intervention and control groups. All proce-
dures will be carried out in the rehabilitation treatment
hall. MT includes passive joint movement and joint
stretching for a total of 30 min. The procedure is per-
formed by qualified rehabilitation therapists who have
worked for more than 2 years in the hospital. And the
two gases implemented are conducted by trained and
qualified nurses. Before and after the MT, wax therapy,
and cold compress are applied as routine treatments.
The patients in the intervention group began inhaling
pre-mixed 65% N,O through a specially designed mask
with a check valve, 2 min before MT, and continue the
whole procedure until it ends, while the control group
inhaled 100% oxygen under the same conditions. The gas
will be administered by the patients themselves in order
to observe their state of consciousness. Blood pressure
will be measured before, during, and after each MT, and
the oxygen saturation and heart rate were continuously
monitored with a pulse oximeter throughout the process.
Image and audio recordings will be taken individually for
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communication coding and data analysis. Adjuvant anal-
gesics will also be recorded.

Outcome measures

Baseline data

The demographic data of all participants (gender, age,
height, weight, country, nationality and occupation, etc.)
and clinical characteristics (including type and location
of damage, current pain level) will be recorded with an
internally designed form at baseline (T0, 2 min before
the intervention). Vital signs such as blood pressure (BP),
heart rate (HR), and oxygen saturation (SPO,) will also be
collected at baseline.

Primary outcome

The primary outcome measure will be the degree of pain
assessed on the VAS (a patient self-assessment scale) at
TO, T1 (5 min after the beginning of the intervention),
and T2 (5 min after the intervention finished), respec-
tively. The time point selection was based on the pharma-
cokinetics of N,O. The VAS is a horizontal line without
numbers or verbal descriptors at intermediate points,
ranging from 0 to 10 cm (0: no pain; 10: worst imaginable
pain). The VAS is chosen due to its simplicity, adaptabil-
ity to a broad range of populations, and more important,
it has good visual properties [24].

Secondary outcome

Based on previous studies [19, 25, 26], secondary out-
comes cover vital signs at TO, T1, and T2 to observe the
impact of pain and intervention measures on the patient’s
physiological index. The side effects, patient and thera-
pist satisfaction (0: satisfied; 1: dissatisfied), the time for
ROM >90° (according to our previous qualitative study,
one of the substantial indicators of discharge from hospi-
tal for patients is range of motion>90°), and whether to
add adjuvant analgesia will be obtained at T2 separately.
Whether patients are willing to use the same gas again
should also be recorded as an indicator and recorded.

Sample size estimates

A prospective sample size estimate was conducted by a
senior statistician using the GPower 3.1 procedure dur-
ing the protocol-writing stage. The level of pain relief is
regarded as the primary endpoint measure of this trial
[27]. To achieve a statistical power of 80% (3=0.20) and
two-tailed testing (at a type-1 error rate of 5%) is suf-
ficient. Based on the pre-trial with 20 patients (Corr
among rep measures=0.602), a sample size of 12 was
targeted as being sufficient to achieve the required effec-
tive sample size, but to meet the Chinese Food and Drug
Administration standard for the safety and feasibility of
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nursing staff implementing this inhalation analgesic, the
targeted sample size of 120 was recommended.

Data management and analysis

Data are treated confidentially. To improve the quality of
data collection, all researchers will receive professional
training before the study. All study-related information
(e.g., data collection forms/digital files) will be stored
securely in the medical office. Personally identifiable
information of participants, such as names, and gender,
will be replaced by codes throughout the study and will
always remain confidential, with only the project man-
ager or relevant doctors aware of the patient’s personal
information.

And any public reports on the results of this study will
not reveal any identifiable information about the patient.
Composition of data monitoring committee (DMC) and
auditing system will be established shortly after the pro-
ject launch to monitor the collection and management of
data and patient safety throughout the study. Members
will include four professional therapists and nurses, two
pain management specialists, and a senior academic stat-
istician who worked as the board’s chair.

A double data check has also been performed for qual-
ity control. According to the data collection methods
and criteria developed by the project leader and profes-
sionals, all data will be recorded carefully and compre-
hensively to ensure the authenticity of the data. Missing
data on withdrawn participants will be imputed using the
multiple imputation method.

All statistical analyses will be performed by SPSS ver-
sion 25 (IBM Inc, Armonk, New York), with an alpha
set at 0.05. Statisticians will calculate the mean (stand-
ard deviation), median (interquartile range), minimum,
maximum, and proportion (95% confidence interval) for
quantitative data and describe numbers and percent-
ages for qualitative data. The mean will be compared
by Student’s ¢-test (normal distribution parameter) or
nonparametric two-sample Mann—Whitney test (non-
normal distribution parameter). The proportions will
be compared using the chi-square test or Fisher exact
test. The comparisons between two groups will be per-
formed as follows: t-tests or Wilcoxon rank sum (nor-
mal or nonnormal ability distributions) for quantitative
data; chi-square test or Fisher’s exact test for qualitative
data. The value of P<0.05 will be considered statistically
significant.

Safety and AE monitoring

Side effects include dizziness, headache, nausea, vom-
iting, lethargy, euphoria, oxygen destruction (pulse
oxidative saturation <94%), arterial hypotension, brady-
cardia, or any other uncomfortable reactions that will be
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assessed and recorded during and after the procedure.
In case of any of the above conditions, the inhalation of
gas will be stopped immediately and oxygen will be given
to the patient, then the discomfort will rapidly disappear
within 5 min [28, 29].

Quality control

The research will be coordinated and supervised by
pain management specialists, rehabilitation therapists,
nurses, and senior statisticians. To ensure the qual-
ity of the study, at the beginning of this study, the pro-
ject manager and team members formulated a detailed
project protocol and emergency plan. During the trial,
researchers will receive unified and targeted training
to ensure the smooth implementation of the study. The
study funders will use the audits to regularly check the
source of the data and its accuracy, integrity, reliability,
and security.

Role of the funding source

The funder had no role in the study design, data collec-
tion, analysis, interpretation, or report writing. The cor-
responding author had full access to all the data in the
study and had final responsibility for the decision to sub-
mit for publication.

Discussion

From an orthopedic perspective, postoperative rehabili-
tation plays an important role in maximizing the patients’
functionality and helping the management of these
potential post-operative problems [30]. However, MT is
conducted when the patient is conscious. Pain may be a
major obstacle to MT sessions in this population [31, 32].
Proper pain management and timely ROM acquisition
after surgery can not only improve patients’ satisfaction
and quality of life but also reduce the burden on nursing
staff and the economic burden of the patient group on
health and social care services.

Our unpublished preliminary qualitative interview
indicated that patients were asked to endure severe pain
but no analgesics were supplied. The reasons for poor
pain management may include medical workers’ and
patients’ resistance to opioids, inappropriate cognitive
understanding of pain, and lack of systematic pain man-
agement education [33-35].

The appropriate analgesics are integral for pain
control postoperative of ligament reconstruction.
Compared with traditional opioid analgesics, N,O is
a self-administered inhaled gas reserved in a pre-pre-
pared cylinder and has the characteristics of analgesia,
sedation, and anti-anxiety. It has been widely used for
nearly a century in other countries, especially in Brit-
ain, Sweden, the Netherlands, and Australia. The use
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rate of nitrous oxide is as high as 80% [36], which is
mainly used in clinical disciplines such as dentistry,
emergency, obstetrics and gynecology, pediatrics, and
postoperative analgesia. It is reported that the mixture
of 20% N,O and 80% O, has an equivalent analgesic
effect as well as a good sedative effect with 15 mg mor-
phine [37]. Notably, it does not combine with hemo-
globin and is mainly discharged through the lungs with
a strong analgesic effect but a weak anesthetic effect
[31, 38].

Therefore, we designed this study to explore the effi-
ciency of N,O for patients receiving MT after ACL
reconstruction. If feasible, it will be widely applied in
rehabilitation training after ACL reconstruction and
improve the quality of life and satisfaction of patients.

Limitation

Some limitations must be acknowledged in this study.
Firstly, the pain score was the subjective outcome and
was not consistently assessed by individual patients;
therefore, it is susceptible to the subjective influence of
patients. Secondly, data extraction is only during and
after the procedure, without long-term effect records.

Conclusion

To our best knowledge, this study is the first randomized
controlled trial to evaluate the effectiveness of the N,O
to treat acute pain in patients undergoing MT after ACL
reconstruction. If this treatment appears beneficial, this
study can help to generate preliminary guidelines on pain
management in patients undergoing MT. We will dis-
seminate the results of this study to international journals
and conferences.

Trial status

This trial has been registered in the clinical trial registry:
ChiCTR2200061175 (Version 2.0 June 15, 2022). Partici-
pant recruitment began on June 27, 2022, and is expected
to be completed within 1 year. At the time of writing the
manuscript, a total of 98 participants had been included
in the study. The participating clinical centers are posi-
tively recruiting and collecting data.

Abbreviations

ACL  Anterior cruciate ligament
MT Manual therapy

N,O  Nitrous oxide

0, Oxygen

HR Heart rate

BP Blood pressure
SPO,  Oxygen saturation

VAS Visual analogue scale
ROM  Joint range of motion

Page 7 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-023-07732-z.

Additional file 1: [S1. SPIRITR2]. Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) Checklist.

Acknowledgements
We sincerely thank all the participants in the study and all the researchers and
clinical staff involved in the trial for their efforts.

Authors’ contributions

All the authors have made corresponding contributions to this study.
Literature search, data collection, and manuscript writing were performed

by Ziyang Wang, Fei Wang, and Yuxiang Li. Patient recruitment, clinical
implementation, and data collection were conducted by Yihui Xing, Xiaochen
Jiang, and Zhiguo Ding. Technical or material was supported by Yuxiang Li and
Cui Li. Study design, data interpretation, and manuscript critical revision were
performed by Lu Tang. All authors read and approved the final manuscript.

Funding
This study was supported by clinical medical science and technology innova-
tion project of Jinan (grant number: 202019025).

Availability of data and materials

After the completion of the study, the final trial data and statistical code will
be obtained from the project leader for reasonable reasons. No project mem-
ber can get the data privately.

Declarations

Ethics approval and consent to participate

This protocol has been approved by the Ethics Committee (2021-59). We will
protect the rights and safety of participants by full compliance with the Dec-
laration of Helsinki and Good Clinical Practice (GCP) guidelines. We will obtain
the written informed consent from the participants. Appropriate measures will
be taken to ensure confidentiality of data gathered in this study.

Consent for publication

All signed authors meet the standards of the International Committee of Edi-
tors of Medical Journals (ICMJE) on the qualification of authors of this article,
are responsible for the integrity of the whole work, and have approved the
publication of this edition.

Competing interests
The authors declare no competing interests.

Author details

'Department of Stomatology, the 960th Hospital of People’s Liberation Army
of China (PLA), Jinan, Shandong, China. 2School of Nursing, Weifang Medical
University, Weifang, Shandong, China. >Department of Anesthesiology, the
960th Hospital of People’s Liberation Army of China (PLA), Jinan, Shandong,
China. *School of Nursing, Ningxia Medical University, Ningxia, Yinchuan,
China. °Department of Rehabilitation Medicine, the 960th Hospital of People’s
Liberation Army of China (PLA), Jinan, Shandong, China. ®Department

of Hepatopancreatobiliary Surgery, Qingdao Municipal Hospital, Qingdao,
Shandong, China.

Received: 31 January 2023 Accepted: 14 October 2023
Published online: 27 November 2023

References

1. Yabroudi MA, Irrgang JJ. Rehabilitation and return to play after
anatomic anterior cruciate ligament reconstruction. Clin Sports Med.
2013;32(1):165-75.


https://doi.org/10.1186/s13063-023-07732-z
https://doi.org/10.1186/s13063-023-07732-z

Wang et al. Trials (2023) 24:764

20.

21.

Frobell RB, Roos EM, Roos HP, Ranstam J, Lohmander LS. A randomized
trial of treatment for acute anterior cruciate ligament tears. N Engl J Med.
2010;363(4):331-42.

Dai YL, Chai XM, Zhu N, Wang KB, Bao WQ, Zhang XS, et al. Analgesia
effect of premixed nitrous oxide/oxygen during the rehabilitation after
total knee arthroplasty: a study protocol for a randomized controlled trial.
Trials. 2019;20(1):399.

Swirtun LR, Eriksson K, Renstrém P.Who chooses anterior cruciate liga-
ment reconstruction and why? A 2-year prospective study. Scand J Med
Sci Sports. 2006;16(6):441-6.

Walker MJ, Boyles RE, Young BA, Strunce JB, Garber MB, Whitman JM,

et al. The effectiveness of manual physical therapy and exercise for
mechanical neck pain: a randomized clinical trial. Spine (Phila Pa 1976).
2008;33(22):2371-8.

Karaborklu Argut S, Celik D, Kilicoglu Ol. The combination of exercise and
manual therapy versus exercise alone in total knee arthroplasty rehabili-
tation: a randomized controlled clinical trial. PM R. 2021;13(10):1069-78.
Bishop MD, Torres-Cueco R, Gay CW, Lluch-Girbés E, Beneciuk JM, Bialosky
JE. What effect can manual therapy have on a patient’s pain experience?
Pain Manag. 2015;5(6):455-64.

Chuaychoosakoon C, Parinyakhup W, Wiwatboworn A, Purngpiput-
trakul P, Wanasitchaiwat P, Boonriong T. Comparing post-operative pain
between single bundle and double bundle anterior cruciate ligament
reconstruction: a retrospective study. BMC Musculoskelet Disord.
2021,22(1):753.

Forogh B, Aslanpour H, Fallah E, Babaei-Ghazani A, Ebadi S. Adding
high-frequency transcutaneous electrical nerve stimulation to the first
phase of post anterior cruciate ligament reconstruction rehabilitation
does not improve pain and function in young male athletes more than
exercise alone: a randomized single-blind clinical trial. Disabil Rehabil.
2019;41(5):514-22.

Weinbroum AA. Non-opioid IV adjuvants in the perioperative period:
pharmacological and clinical aspects of ketamine and gabapentinoids.
Pharmacol Res. 2012;65(4):411-29.

. Buvanendran A, Kroin JS. Multimodal analgesia for controlling acute

postoperative pain. Curr Opin Anaesthesiol. 2009;22(5):588-93.

Bang SR, Yu SK, Kim TH. Can gabapentin help reduce postoperative pain
in arthroscopic rotator cuff repair? A prospective, randomized, double-
blind study. Arthroscopy. 2010;26(9 Suppl):S106-11.

Herres J, Chudnofsky CR, Manur R, Damiron K, Deitch K. The use of
inhaled nitrous oxide for analgesia in adult ED patients: a pilot study. Am
JEmerg Med. 2016;34(2):269-73.

Gupta PD, Mahajan P, Monga P, Thaman D, Khinda VIS, Gupta A. Evalu-
ation of the efficacy of nitrous oxide inhalation sedation on anxiety

and pain levels of patients undergoing endodontic treatment in a

vital tooth: a prospective randomized controlled trial. J Conserv Dent.
2019;22(4):356-61.

Gao LL, Yu JQ, Liu Q, Gao HX, Dai YL, Zhang JJ, et al. Analgesic effect

of nitrous oxide/oxygen mixture for traumatic pain in the emer-

gency department: a randomized, double-blind study. J Emerg Med.
2019,57(4):444-52.

Sheyklo SG, Hajebrahimi S, Moosavi A, Pournaghi-Azar F, Azami-Aghdash
S, Ghojazadeh M. Effect of Entonox for pain management in labor: a
systematic review and meta-analysis of randomized controlled trials.
Electron Physician. 2017;9(12):6002-9.

DeJoseph LM, Pou JD. Local anesthetic facelift. Facial Plast Surg Clin North
Am. 2020;28(3):409-18.

Maslekar S, Balaji P, Gardiner A, Culbert B, Monson JR, Duthie GS. Rand-
omized controlled trial of patient-controlled sedation for colonoscopy:
entonox vs modified patient-maintained target-controlled propofol.
Colorectal Dis. 2011;13(1):48-57.

Liu Q, Wang Y, Luo XJ, Wang NJ, Chen P, Jin X, et al. A fixed inhaled nitrous
oxide/oxygen mixture as an analgesic for adult cancer patients with
breakthrough pain: study protocol for a randomized controlled trial. Trials.
2017;18(1):13.

Johnson H, Burke D, Plews C, Newell R, Parapia L. Improving the

patient’s experience of a bone marrow biopsy - an RCT. J Clin Nurs.
2008;17(6):717-25.

Olsen A, Iversen C, Stgrdal K. Use of nitrous oxide in children. Tidsskr Nor
Laegeforen. 2019;139(12).

Page 8 of 8

22. Gall O, Annequin D, Benoit G, Glabeke E, Vrancea F, Murat |. Adverse
events of 399 premixed nitrous oxide and oxygen for procedural sedation
in children. Lancet. 2001;400(358):1514-5.

23. Annequin D, Carbajal R, Chauvin P, Gall O, Tourniaire B, Murat I. Fixed 50%
nitrous oxide oxygen mixture for painful procedures: a French survey.
Pediatrics. 2000;105(4):e47.

24. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual
Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), ShortForm McGill Pain Questionnaire
(SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain
Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthri-
tis Pain (ICOAP). Arthritis Care Res (Hoboken). 2011;63(Suppl 11):5240-52.

25. Yuxiang L, LuT, Jiangiang Y, Xiuying D, Wanfang Z, Wannian Z, et al.
Analgesia effect of a fixed nitrous oxide/oxygen mixture on burn dressing
pain: study protocol for a randomized controlled trial. Trials. 2012;13:67.

26. Wang Q, Zhao C, Hu J, MaT, Yang J, Kang P. Efficacy of a modified cocktail
for periarticular local infiltration analgesia in total knee arthroplasty: a
prospective, double-blinded, randomized controlled trial. J Bone Joint
Surg Am. 2023;105(5):354-62.

27. Baumstarck K. Efficacy of lidocaine in patients receiving palliative care
with opioid-refractory cancer pain with a neuropathic component: study
protocol for a randomized controlled study. Trials. 2014;15:318.

28. Ferrazzano GF, Quaraniello M, Sangianantoni G, Ingenito A, Cantile T.
Clinical effectiveness of inhalation conscious sedation with nitrous oxide
and oxygen for dental treatment in uncooperative paediatric patients
during COVID-19 outbreak. Eur J Paediatr Dent. 2020;21(4):277-82.

29. GaoLL,Yang LS, Zhang JJ, Wang YL, Feng K, Ma L, et al. A fixed nitrous
oxide/oxygen mixture as an analgesic for trauma patients in emergency
department: study protocol for a randomized, controlled trial. Trials.
2018;19(1):527.

30. Celik D, Kaya ME. Does adding mobilization to stretching improve out-
comes for people with frozen shoulder? A randomized controlled clinical
trial. Clin Rehabil. 2016;30(8):786-94.

31. Delafontaine A, Presedo A, Mohamed D, Lopes D, Wood C, Alberti C.
Equimolar mixture of nitroux oxyde and oxygen during post-operative
physiotherapy in patients with cerebral palsy: a randomized, double-
blind, placebo-controlled study. Eur J Pain. 2017;21(10):1657-67.

32. Lovich-Sapola J, Smith CE, Brandt CP. Postoperative pain control. Surg Clin
North Am. 2015;95(2):301-18.

33. Chen Ligiong Wu, Bin HA, Chaofeng Xu, Zixin Z, Jun Li. Investigation
on the current situation of postoperative acute pain. J Clin Anesthesiol.
2021;37(11):1200-3.

34. Tian F, MiY, Liu J, Zhang R, Zhang Z, Gui S, et al. Research on the cur-
rent situation and influencing factors of pain management knowl-
edge and attitude of emergency medical staff. J Nurs Further Educ.
2021,36(02):134-8.

35. XuY,Zhao X, Zhu H, Gao F, Zhang L, Xu H. A multicenter survey of
domestic rehabilitation medical staff's perception of pain in children with
cerebral palsy. Chin J Phys Med Rehabil. 2021;43(01):60-3.

36. Collins M. Nitrous oxide utility in labor and birth: a multipurpose modal-
ity. J Perinat Neonatal Nurs. 2017;31(2):137-44.

37. Masood J, Shah N, Lane T, Andrews H, Simpson P, Barua JM. Nitrous oxide
(Entonox) inhalation and tolerance of transrectal ultrasound guided
prostate biopsy: a double-blind randomized controlled study. J Urol.
2002;168(1):116-20.

38. Broughton K, Clark AG, Ray AP. Nitrous oxide for labor analgesia: what we
know to date. Ochsner J. 2020,20(4):419-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Analgesic effect of nitrous oxide during manual therapy after anterior cruciate ligament reconstruction: a study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methodsdesign 
	Expected outcomes 
	Discussion 
	Trial registration 

	Introduction
	Method
	Study design
	Ethics and dissemination
	Participants
	Recruitment strategies
	Randomization, allocation, concealment and blinding
	Intervention
	Outcome measures
	Baseline data
	Primary outcome
	Secondary outcome

	Sample size estimates
	Data management and analysis
	Safety and AE monitoring
	Quality control
	Role of the funding source

	Discussion
	Limitation
	Conclusion
	Trial status
	Anchor 29
	Acknowledgements
	References


