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The ARRIVE Essential 10

ARIVE The ARRIVE guidelines 2.0: author checklist

These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Section/line
Item Recommendation number, or reason
for not reporting
Study design 1  For each experiment, provide brief details of study design including: Somineaa hegiing Do i he frs
subject (Monkey J)..." and ending "...
a. The groups being compared, including control groups. If no control group has ol s e o ol erfoce '2" '
been used, the rationale should be stated. et
Materials and Methods, Section 2.1,
b. The experimental unit (e.g. a single animal, litter, or cage of animals). et macaques. > and endng - were
used in this study.” The experimental unit
Sample size 2  a. Specify the exact number of experimental units allocated to each group, and the Somiances begiing T adt mle
total number in each experiment. Also indicate the total number of animals Used. |l iester: on s
b. Explain how the sample size was decided. Provide details of any a priori sample No 8 prior semile size cajeulaton was
size calculation, if done. A hovlcroni ranalwindow merace (s
Inclusion and 3 a. Describe any criteria used for including and excluding animals (or experimental o e o e
exclusion units) during the experiment, and data points during the analysis. Specify if these | lui s me ncusios i
criteria criteria were established a priori. If no criteria were set, state this explicitly. :“m"‘mw‘“ldmd'mm‘sfdy’s
i ) : : ) The only data points not included in the
b. For each experimental group, report any animals, experimental units or data points | grabss were anfact components removed
not included in the analysis and explain why. If there were no exclusions, state so. e mamborof it ) per ana.y;;wa;-
. . ) electrode impedance, n = 1 (Monkey K);
c. For each analysis, report the exact value of nin each experimental group. e o L e %
Randomisation 4 a. State whether randomisation was used to allocate experimental units to control he o el was 65gned 16 one o he
and treatment groups. If done, provide the method used to generate the ooy e 3 o et were
randomisation sequence. Tandomae. " eRment droups to
b. Describe the strategy used to minimise potential confounders such as the order No strategy was used to minimise
. . potential confounders such as the order
of treatments and measurements, or animal/cage location. If confounders were of reatments and measurements or
. .. animal/cage location; confounders were
not controlled, state this explicitly. not formally controlied.
Blinding 5 Describe who was aware of the group allocation at the different stages of the e e
experiment (during the allocation, the conduct of the experiment, the outcome implant design in each animal at all
. stages (allocation, conduct, outcome
assessment, and the data analysis). assessment, and data analysis).
Outcome 6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, | T s iongiom siabie opical
measures or behavioural changes). = Outoome maasire 1 epcat oy
b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the ;3;0 fﬁii@liiﬁfg"'Qﬁuﬁ;fjﬁa"p‘ﬁrﬁary
outcome measure that was used to determine the sample size. outcome measure was prespecified.
Statistical 7 a. Provide details of the statistical methods used for each analysis, including e el oo o dinals
methods software used. Tecoronaging e Sgnds” Prepocssany
used the FieldTrin toolbox
b. Describe any methods used to assess whether the data met the assumptions of No formel assessmentofstatistcal
the statistical approach, and what was done if the assumptions were not met. testng e nomparametic and does not
Experimental 8 a. Provide species-appropriate details of the animals used, including species, strain | e a e s e
animals and substrain, sex, age or developmental stage, and, if relevant, weight. sed e sty Species, Matasa mutia
(rhesus macaaue). Sex: male. Age: 5-8
b. Provide further relevant information on the provenance of animals, health/immune | Vaeras and etrods, Secton 2.1,
status, genetic modification status, genotype, and any previous procedures. Broeding Cor LI~ and anting
Experimental 9  For each experimental group, including controls, describe the procedures in enough | e e e motocols
procedures detail to allow others to replicate them, including: Conditons."and ending - adminiered
. Materials and Methods, Section 2.8,
a. What was done, how it was done and what was used. senences begiing ‘Neural signals were
exnerimental schedile " Imnlantation was
b. When and how often. Materials and Methods, Section 2.1,
sentences beginning "The animals were
. . . . . . . housed in standard primate cages..." and
c. Where (including detail of any acclimatisation periods). oot fnae ane denatabos - arimal
Materials and Methods, Section 2.4.2,
d. Why (provide rationale for procedures). Seromroapnalu (-5 eskage and
impede tissue overarowth..." and endina "...
Results 10 For each experiment conducted, including independent replications, report: Restlts, Secton 3.3.1 sentences beginning

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

performance...” and ending "...median
59.7-74.6 kQ." Electrode impedance is
reported as median and interquartile range

No effect size was
reported.
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The Recommended Set

These items complement the Essential 10 and add important context to the study. Reporting the items in both sets
represents best practice.

Section/line
Item Recommendation number, or reason
for not reporting
Abstract 11 Provide an accurate summary of the research objectives, animal species, strain
. . . . . The abstract summarises the objectives, key
and sex, key methods, principal findings, and study conclusions.
Background 12 a. Include sufficient scientific background to understand the rationale and “Eleatocoricogtaphy (FCoo) e
context for the study, and explain the experimental approach. e rodatin peovn !
scientific background (ECoG advantages
b. Explain how the animal species and model used address the scientific e ratlonale or using the macade model
objectives and, where appropriate, the relevance to human biology. Sxplcty stated n the manuscit The sty
Introduction and Discussion refer to primate
Objectives 13 Clearly describe the research question, research objectives and, where
. e . Introduction, sentences beginning "To address
appropriate, specific hypotheses being tested.
Ethical 14 Provide the name of the ethical review committee or equivalent that has approved | G aeea a Cosen o raria e
statement the use of animals in this study, and any relevant licence or protocol numbers (if o o o e s o e 5
applicable). If ethical approval was not sought or granted, provide a justification. l?i’?{i'ﬁ%:;lmcife' an Use Commiga ol
%Jajlzaor;g‘ul;;‘;\s.rslly (Permit Number:
Housing and 15  Provide details of housing and husbandry conditions, including any environmental
. Materials and Methods, Section 2.1, sentences
husbandry enrichment.
Animalcareand 16 a. Describe any interventions or steps taken in the experimental protocols to Somonces begiming ‘Al surges raocols
monitoring reduce pain, suffering and distress. ?fn'ﬁnaﬁé’ﬁé’:?fiiﬁlﬁi"’"fZﬁ’mZiZ'?Sfed
ocally at the incision sthesia was
b. Report any expected or unexpected adverse events. Resuls, Section 3.1, sentences beginning
. . . ) imn!eui?[e]y following implantation..." and
c. Describe the humane endpoints established for the study, the signs that were | erino_was notobsered n vonkey K ur,
monitored and the frequency of monitoring. If the study did not have humane )
3 ) No humane endpoints were
endpoints, state this. explicitly established in the
manuscript.
Interpretation/ 17 a. Interpret the results, taking into account the study objectives and hypotheses, | sy we dovioeda chronic anal
scientific current theory and other relevant studies in the literature. invesigaing he i dyvarics o
im |ica tions o ) ) . } ) primate cortical function.” The results are
P b. Comment on the study limitations including potential sources of bias, Discuseion,sentences beginning e
limitations of the animal model, and imprecision associated with the results. Ryt s, o g ot o erm
limitations are explicitly discussed: all
Generalisability/ 18 Comment on whether, and how, the findings of this study are likely to generalise e metiae benehtofvevaly guided -
translation to other species or experimental conditions, including any relevance to human e lisen dynarmicsofprimale cavica
. . function.” The study discusses the
biology (where appropriate). sererlabiyof e nsprnt rce
research. includina intrinsic sianal ootical
Protocol 19 Provide a statement indicating whether a protocol (including the research ;‘gg;ggg’e' ;"2?;53‘??5;&‘2;‘9 the
registration question, key design features, and analysis plan) was prepared before the study, fesearch quesiion, key design
a B - res, and an i n) wi
and if and where this protocol was registered. It regreroret n b reposiry.
Data access 20 Provide a statement describing if and where study data are available.
Availability of Data and Materials, sentences b¢
Declaration of 21 a. Declare any potential conflicts of interest, including financial and non-financial. | S s seae. - amaoning -
interests If none exist, this should be stated. oo o e, | uersdeclareno
b. List all funding sources (including grant identifier) and the role of the funder(s) Funding, sentnces begining Trswork
in the design, analysis and reporting of the study. Medical Research Fund. . and ending ..
China (31872776) to HT." This work was
N C Mational Centre
R o www.ARRIVEguidelines.org
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of Animals in Research
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	Study design - 1a: Materials and Methods, Section 2.4.2, sentences beginning "Design 1: In the first subject (Monkey J)…" and ending "…creating a physical barrier to the ingrowth of dural tissue." The two dural interface designs (Design 1 in Monkey J, Design 2 in Monkey K) were compared. No control group was used; this was a feasibility study in two animals, each receiving one of the two designs.
	Study design - 1b: Materials and Methods, Section 2.1, sentences beginning "Two adult male rhesus macaques…" and ending "…were used in this study." The experimental unit was the individual animal (n = 2).
	Sample size - 2a: Materials and Methods, Section 2.1, sentences beginning "Two adult male rhesus macaques…" and ending "…were used in this study." One animal was allocated to each of the two designs (Design 1: Monkey J, n = 1; Design 2: Monkey K, n = 1), for a total of two animals used in this study.
	Sample size - 2b: No a priori sample size calculation was performed. The sample size was the minimum required for this feasibility study of a novel chronic cranial window interface (n = 2, one animal per design).
	Inclusion and exclusion criteria - 3a: Materials and Methods, Section 2.1, sentences beginning "Two adult male rhesus macaques…" and ending "…were used in this study." The inclusion criterion was adult male rhesus macaques (5–8 years old, 7.8–9.2 kg). No explicit exclusion criteria were set a priori.

Materials and Methods, Section 2.9.1, sentences beginning "Raw ECoG signals were preprocessed…" and ending "…were subsequently removed before reconstructing the signals." Data points were excluded if independent components clearly represented artifacts.

Results, Section 3.3.1, sentences beginning "At Day 0, four channels exhibited impedances exceeding 200 kΩ…" and ending "…masked in gray as high-impedance outliers in Fig. 4B." Data points were excluded if electrode impedance exceeded 200 kΩ.
	Inclusion and exclusion criteria - 3b: No animals were excluded from the study. The only data points not included in the analysis were artifact components removed by independent component analysis and channels with impedance exceeding 200 kΩ, as described above.
	Inclusion and exclusion criteria - 3c: The number of animals (n) per analysis was: electrode impedance, n = 1 (Monkey K); electrode displacement, n = 1 (Monkey J); visual evoked potentials, n = 1 (Monkey J); gamma-band responses, n = 2 (Monkey J and Monkey K); neural decoding, n = 2 (Monkey J and Monkey K).
	Randomisation - 4a: Randomisation was not performed. Each of the two animals was assigned to one of the two dural interface designs (Design 1: Monkey J, Design 2: Monkey K); there were no control and treatment groups to randomise.
	Randomisation - 4b: No strategy was used to minimise potential confounders such as the order of treatments and measurements or animal/cage location; confounders were not formally controlled.
	Blinding - 5: Blinding was not applicable. The investigators were aware of the implant design in each animal at all stages (allocation, conduct, outcome assessment, and data analysis).
	Outcome measures - 6a: Results, Section 3.1, sentences beginning "To establish long-term, stable optical access…" and ending "…electrode visibility (Fig. 2)." Outcome measure 1: optical clarity and electrode visibility over time.

Results, Section 3.2, sentences beginning "Leveraging the preserved optical clarity in Monkey J…" and ending "…validating the physical stability of the array." Outcome measure 2: physical electrode displacement (mm).

Results, Section 3.3.1, sentences beginning "To validate the electrochemical performance…" and ending "…median 59.7–74.6 kΩ." Outcome measure 3: electrode impedance (kΩ) as a measure of electrochemical performance.

Materials and Methods, Section 2.9.2, sentences beginning "To evaluate phase-locked neural responses…" and ending "…for each stimulus condition and electrode channel." Outcome measure 4: visual evoked potentials (VEPs).

Materials and Methods, Section 2.9.3, sentences beginning "To investigate the spectral dynamics of induced neural activity…" and ending "…across different recording sessions and subjects." Outcome measure 5: time-varying power spectra in the gamma band (30–80 Hz).

Materials and Methods, Section 2.9.4, sentences beginning "To evaluate the stability of visual information representation…" and ending "…the reliability of the decoding accuracy." Outcome measure 6: neural decoding accuracy as a measure of visual information representation stability.
	Outcome measures - 6b: This was a feasibility study, not a hypothesis-testing study; no primary outcome measure was prespecified.
	Statistical methods - 7a: Materials and Methods, Section 2.9.1, sentences beginning "Raw ECoG signals were preprocessed…" and ending "…before reconstructing the signals." Preprocessing used the FieldTrip toolbox (fieldtrip-20240110) and custom MATLAB scripts: band-pass filtering (0.5–200 Hz), notch filtering (50 Hz), resampling to 500 Hz, common average referencing, and artifact removal by independent component analysis (Infomax algorithm).

Materials and Methods, Section 2.9.2, sentences beginning "To evaluate phase-locked neural responses…" and ending "…for each stimulus condition and electrode channel." Visual evoked potentials (VEPs) were computed by z-score normalization using pooled baseline statistics followed by trial-averaging.

Materials and Methods, Section 2.9.3, sentences beginning "To investigate the spectral dynamics of induced neural activity…" and ending "…across different recording sessions and subjects." Time-frequency analysis used a wavelet transformation (FieldTrip Toolbox) over 1–100 Hz, with baseline subtraction and spectral whitening; gamma-band power (30–80 Hz) was baseline-corrected and normalized to the session maximum.

Materials and Methods, Section 2.9.4, sentences beginning "To evaluate the stability of visual information representation…" and ending "…the reliability of the decoding accuracy." Decoding used a linear support vector machine (LIBLINEAR) with 10-fold cross-validation on gamma-band power features; significance against the 50% chance level was assessed by a bootstrap test (1000 iterations) with 95% confidence intervals.
	Statistical methods - 7b: No formal assessment of statistical assumptions was performed. Bootstrap testing is non-parametric and does not require distributional assumptions.
	Experimental animals - 8a: Materials and Methods, Section 2.1, sentences beginning "Two adult male rhesus macaques…" and ending "…were used in this study." Species: Macaca mulatta (rhesus macaque). Sex: male. Age: 5–8 years. Weight: 7.8–9.2 kg. No strain or substrain was specified.
	Experimental animals - 8b: Materials and Methods, Section 2.1, sentences beginning "Monkey J was obtained from Anhui Deze Macaque Breeding Co., Ltd…" and ending "…Zhongke Lingrui (Zhanjiang) Biotechnology Co., Ltd. (Zhanjiang, Guangdong, China)." Monkey J was obtained from Anhui Deze Macaque Breeding Co., Ltd. (Xuancheng, Anhui, China); Monkey K was obtained from Zhongke Lingrui (Zhanjiang) Biotechnology Co., Ltd. (Zhanjiang, Guangdong, China). No genetic modification was performed, and no previous procedures were reported. Health and immune status were not reported.
	Experimental procedures - 9a: Materials and Methods, Section 2.2, sentences beginning "All surgical protocols were conducted under standard aseptic conditions…" and ending "…administered locally at the incision site." Anesthesia was induced with tiletamine-zolazepam (Zoletil 50; 2.5 mg/kg) and maintained with isoflurane; lidocaine was administered locally.

Materials and Methods, Section 2.3, sentences beginning "The µECoG array used in this study was a 64-channel, high-density grid…" and ending "…maintaining optical access." A 64-channel µECoG array (NeuroNexus, platinum contacts on a polyimide substrate) was used.

Materials and Methods, Section 2.4, sentences beginning "The chronic cranial window was a custom-designed…" and ending "…flexible dural-interfacing ring (Fig. 1)." A custom cranial window (PEEK chamber, glass window, dural-interfacing ring) was implanted.

Materials and Methods, Section 2.5, sentences beginning "The implantation procedure was conducted as follows…" and ending "…no skull bone remained exposed." The surgical implantation steps are described in sequence.
	Experimental procedures - 9b: Materials and Methods, Section 2.8, sentences beginning "Neural signals were acquired…" and ending "…due to the experimental schedule." Implantation was performed once per animal. Neural recordings and impedance monitoring were conducted longitudinally: impedance up to Day 42, and functional recordings with visual stimulation up to Day 172 for Monkey J and Day 28 for Monkey K.
	Experimental procedures - 9c: Materials and Methods, Section 2.1, sentences beginning "The animals were housed in standard primate cages…" and ending "…fruits and vegetables." Animals were housed in standard primate cages in an air-conditioned room (14 h light/10 h dark cycle) with environmental enrichment and a standard primate diet. No acclimatisation period was reported.
	Experimental procedures - 9d: Materials and Methods, Section 2.4.2, sentences beginning "To prevent cerebrospinal fluid (CSF) leakage and impede tissue overgrowth…" and ending "…inner glass window diameter (visible area) of 18 mm." The dural interface was designed to prevent CSF leakage and tissue overgrowth while maintaining optical access to the implanted array.
	Results - 10a: Results, Section 3.3.1, sentences beginning "To validate the electrochemical performance…" and ending "…median 59.7–74.6 kΩ." Electrode impedance is reported as median and interquartile range (IQR) at each time point.

Results, Section 3.3.3, sentences beginning "The topographic configuration (Fig. 7A) and overall magnitude (Fig. 7B)…" and ending "…91% (58/64 channels) at Days 21 and 28, respectively." Gamma-band responses are reported as the percentage of functionally relevant channels (e.g., 100% at Day 14 for Monkey J, 94% and 91% at Days 21 and 28 for Monkey K).

Results, Section 3.3.4, sentences beginning "To evaluate the long-term functional capacity…" and ending "…mitigate progressive signal loss and sustain long-term functional performance." Decoding accuracy is reported per session, with significance against the 50% chance level assessed by a bootstrap test (1,000 iterations, p < 0.001).
	Results - 10b: No effect size was reported.
	Abstract - 11: The abstract summarises the objectives, key methods, principal findings, and conclusions, and identifies the species as rhesus macaques (n = 2). Strain and sex are not stated in the abstract; these are reported in Materials and Methods, Section 2.1.
	Background - 12a: Introduction, sentences beginning "Electrocorticography (ECoG) has emerged…" and ending "…monitoring animal welfare." The Introduction provides the scientific background (ECoG advantages over EEG, electrode localization uncertainty due to brain shift, challenges of multimodal integration) and the experimental approach (a transparent cranial window, comparison of two dural interface designs).
	Background - 12b: The rationale for using the macaque model and its relevance to human biology are not explicitly stated in the manuscript. The study targets the primate brain, and the Introduction and Discussion refer to primate cortical function, but a specific justification of the macaque model's translational relevance to humans is not provided.
	Objectives - 13: Introduction, sentences beginning "To address these critical gaps, we have developed a chronic cranial window…" and ending "…monitoring animal welfare." The research objectives are stated: developing a transparent cranial window for direct, long-term visualization of an implanted µECoG array, systematically comparing two dural interface designs (a floating Tecoflex sheet vs. a bonded silicone ring), characterizing the spatiotemporal dynamics of post-surgical tissue responses, and exploring early-stage spatial co-registration. No specific hypotheses were stated; this was a feasibility study.
	Ethical statement - 14: Ethics Approval and Consent to Participate, sentences beginning "All experimental procedures involving non-human primates…" and ending "…for the care and use of laboratory animals." The study was approved by the Animal Care and Use Committee of Zhejiang University (Permit Number: ZJU20240745).
	Housing and husbandry - 15: Materials and Methods, Section 2.1, sentences beginning "The animals were housed in standard primate cages…" and ending "…fruits and vegetables." Animals were housed in standard primate cages in an air-conditioned room maintained on a 14 h light/10 h dark cycle, with environmental enrichment and a standard primate diet supplemented with fruits and vegetables.
	Animal care and monitoring - 16a: Materials and Methods, Section 2.2.1, sentences beginning "All surgical protocols were conducted under standard aseptic conditions…" and ending "…administered locally at the incision site." Anesthesia was induced with tiletamine-zolazepam (Zoletil 50; 2.5 mg/kg) and maintained with isoflurane, and lidocaine was administered locally for peri-incisional pain.

Materials and Methods, Section 2.2.1, sentences beginning "Following surgery, animals were monitored closely…" and ending "…to promote recovery." Animals were monitored post-operatively and provided a high-nutrition, easy-to-digest diet to promote recovery.
	Animal care and monitoring - 16b: Results, Section 3.1, sentences beginning "In Monkey K, a subdural hemorrhage occurred immediately following implantation…" and ending "…was not observed in Monkey K up to Day 35." A subdural hemorrhage occurred in Monkey K, documented as an inherent biological complication.
	Animal care and monitoring - 16c: No humane endpoints were explicitly established in the manuscript.
	Interpretation scientific implicationsm - 17a: Discussion, sentences beginning "In this study, we developed a chronic cranial window interface…" and ending "…investigating the multiscale dynamics of primate cortical function." The results are interpreted in the context of the study objectives and the current literature, including the mechanical and biological trade-offs between the two dural interface designs and the implications for multimodal platforms.
	Interpretation scientific implications - 17b: Discussion, sentences beginning "We acknowledge several limitations in the present study…" and ending "…for long-term electrophysiological monitoring." The limitations are explicitly discussed: all recordings were acquired under anesthesia, optical monitoring focused on structural co-registration rather than functional imaging, electrode tracking was demonstrated in a single animal (Monkey J), and functional recording duration varied between subjects.
	Generalisability/translation - 18: Discussion, sentences beginning "Beyond the immediate benefit of visually guided implantation…" and ending "…investigating the multiscale dynamics of primate cortical function." The study discusses the generalisability of the transparent interface to multimodal applications in primate cortical research, including intrinsic signal optical imaging, two-photon microscopy, and optogenetic interventions. Explicit discussion of generalisation to other species or relevance to human biology is not provided.
	Protocol registration - 19: No protocol was registered. A prospective protocol (including the research question, key design features, and analysis plan) was not registered in a public repository.
	Data access - 20: Availability of Data and Materials, sentences beginning "The raw data supporting the conclusions of this article…" and ending "…without undue reservation." The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
	Declaration of interests - 21a: Conflicts of Interest, sentences beginning "The authors declare…" and ending "…no conflicts of interest." The authors declare no conflicts of interest.
	Declaration of interests - 21b: Funding, sentences beginning "This work was supported by grants from the Shenzhen Medical Research Fund…" and ending "…National Natural Science Foundation of China (31872776) to HT." This work was supported by grants from the Shenzhen Medical Research Fund (B2504002) and the National Natural Science Foundation of China (31872776) to HT. The role of the funders in the design, analysis, and reporting of the study was not stated.


