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Clinical decision-making

Objective: To compare the quality and readability of responses from five generative artificial intelligence chatbot
platforms to clinician-oriented questions on open temporomandibular joint (TMJ) surgery against guideline-based
reference answers.

Material and methods: Forty questions across eight domains were submitted on 16 July 2026 to ChatGPT (GPT-
5.5), Claude (Opus 4.8), Gemini (3.1 Pro), Grok (4) and Perplexity (Pro), each via its paid tier at default settings
(200 responses). Two blinded oral and maxillofacial surgeons applied the Quality Analysis of Medical Artificial
Intelligence (QAMAI) tool, the Global Quality Score (GQS) and a five-point overall quality rating using a priori
key elements and written anchors. Readability was assessed with the Flesch-Kincaid Grade Level (FKGL) and
Flesch Reading Ease Score (FRES); platforms were compared with the Friedman test and Bonferroni-corrected
Wilcoxon post-hoc tests; inter-rater reliability used intraclass correlation coefficients (ICC).

Results: Inter-rater reliability was good to excellent (average-measure ICC 0.93—0.99). All outcomes except clarity
differed among platforms (P < .001). Perplexity achieved the highest QAMAI total (27.5 + 1.4; Kendall’s
W = 0.75), largely through retrieval-based source provision; excluding this domain, Claude, Perplexity and Gem-
ini converged. Claude had the highest GQS (4.5 + 0.6), Gemini the highest overall rating (4.3 + 0.7); Grok scored
lowest. Claude and Gemini were least readable (median FKGL 22.7 and 26.1; FRES —11.6 and —7.5). Length did
not explain scores within platforms.

Conclusions: Performance varied substantially across platforms and dimensions; no platform optimized all out-
comes. These findings describe informational quality, not clinical safety or decision-making, and support special-
ist verification before clinical use.

1. Introduction procedures, appropriate diagnosis, imaging, and patient selection are

essential, and decision-making must balance joint-preserving and recon-

Temporomandibular disorders (TMDs) are prevalent musculoskeletal
conditions of the maxillofacial region and a major cause of chronic non-
odontogenic orofacial pain [1]. Most patients can be managed with
patient education, physiotherapy, occlusal appliances, pharmacother-
apy, and, when indicated, minimally invasive procedures such as arthro-
centesis or arthroscopy [2,3]. Open temporomandibular joint (TMJ)
surgery is generally reserved for selected cases in which nonsurgical and
minimally invasive approaches are ineffective or inappropriate, includ-
ing ankylosis, refractory intra-articular disease, severe degenerative
destruction, neoplasia, and end-stage pathology requiring reconstruction
[3,4]. Given the complexity and potential irreversibility of these
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structive options against procedure-specific risks such as facial nerve
injury and complications of total joint replacement [5,6,5,6].

Large language models (LLMs) have rapidly emerged as tools for
information retrieval, education, and potential clinical decision support
across medicine and surgery [7,8]. In dentistry and oral and maxillofa-
cial surgery, LLMs have been increasingly evaluated for answering clini-
cal questions, supporting patient education, and facilitating knowledge
synthesis [9,10]. However, fluent and authoritative-sounding responses
do not necessarily indicate clinical validity. LLMs may generate inaccu-
rate or misleading information, omit clinically important qualifications,
or provide absent or unverifiable sources [11,12]. These limitations are
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particularly relevant to open TMJ surgery, where inaccurate information
on indications, imaging, procedure selection, or complications could
adversely influence decision-making, so rigorous, procedure-specific
evaluation is necessary.

A growing body of research has evaluated the accuracy, quality, and
reliability of LLM-generated responses across dental disciplines, includ-
ing orthodontics and oral and maxillofacial surgery, demonstrating that
performance varies across models, prompts, and clinical topics [13,14].
TMD-specific studies have similarly reported promising but inconsistent
performance; however, these investigations have focused primarily on
general TMD knowledge or patient-oriented education rather than clini-
cian-oriented questions concerning open TMJ surgery [15,16]. Conse-
quently, it remains unclear whether LLM-generated information on
surgical indications, imaging, procedure selection, and complications is
consistent with contemporary guidance, and benchmarking against an
explicit, contemporary reference standard is necessary to evaluate its
potential utility in this context [12,17,12,17].

Contemporary LLMs differ in architecture, training, and update
cycles, and comparative studies in dentistry indicate that their clinical
performance should not be assumed to be equivalent [7,16,18]. Clini-
cians, however, do not interact with isolated model architectures but
with commercial chatbot platforms that combine a model with plat-
form-specific retrieval, citation and safety features. To our knowledge,
no previous study has systematically compared multiple contemporary
chatbot platforms using guideline-based, clinician-oriented questions
specifically addressing open TMJ surgery. Therefore, this study evalu-
ated and compared the quality and readability of responses generated
by five chatbot platforms to clinician-oriented questions on open TMJ
surgery, using guideline-based reference standard answers as the bench-
mark. We hypothesized that response quality and readability would dif-
fer significantly among the evaluated platforms.

2. Material and methods
2.1. Question development and categorization

The standardized question set was developed based on the American
Association of Oral and Maxillofacial Surgeons (AAOMS) guidance docu-
ment Management of Patients With Orofacial Pain and Temporomandib-
ular Disorders [19]. Two oral and maxillofacial surgeons independently
developed clinician-oriented questions on open temporomandibular
joint (TMJ) surgery from the guideline’s recommendations; the sets
were then reviewed jointly and differences in selection, wording, and
scope were resolved by consensus, yielding a final standardized set of 40
questions.

The questions covered eight domains: six topic-based clinical
domains—indications and patient selection; diagnostic and imaging
methods; surgical techniques and methods; complications and risks;
long-term outcomes and follow-up; and ethics and informed consent—
and two reasoning-based domains comprising case-based clinical scenar-
ios and integrative clinical reasoning that required multistep decision-
making. Sixteen representative questions, two from each domain, are
presented in Table 1.

2.2. Al-generated answer collection and expert evaluation

Responses were collected on 16 July 2026 from five chatbot plat-
forms, each accessed through its paid subscription tier: ChatGPT (GPT-
5.5; ChatGPT Plus, OpenAl), Claude (Claude Opus 4.8; Claude Pro,
Anthropic), Gemini (Gemini 3.1 Pro; Google Al Pro, Google DeepMind),
Grok (Grok 4; SuperGrok, xAl) and Perplexity (Perplexity Pro, default
model; Perplexity AI) (Table 2). All 40 questions were submitted to
every platform on the same day to minimize the influence of platform
updates during data collection, yielding 200 responses.

Each platform was used with its default settings. No system instruc-
tions, custom instructions, memory or personalization features, role

Journal of Stomatology oral and Maxillofacial Surgery 127 (2026) 102972

assignment, response-length constraints, or output-format requests were
applied. Each question was entered verbatim as the first message of a
newly initiated, empty chat session; no follow-up, regeneration, or cor-
rective prompts were used, and only the first response was retained.
None of the 200 responses was refused, truncated, or accompanied by a
safety warning. Under default settings, web search is available on all
five platforms and is invoked automatically at the platform’s discretion,
whereas Perplexity is a retrieval-augmented system in which web search
and citation are integral to every response. Decoding parameters such as
temperature and top-p are not user-configurable in these consumer
interfaces, so each platform was used with its undisclosed default sam-
pling settings. The evaluation therefore characterizes the consumer-fac-
ing products as encountered by clinicians rather than the intrinsic
capabilities of the underlying language models.

Two oral and maxillofacial surgeons with clinical experience in TMJ
disorders and open joint surgery independently evaluated all responses.
Before evaluation, the responses were coded, randomized, and pre-
sented without model identifiers to ensure blinding to the generating
LLM. The evaluators completed their assessments independently and
without discussion. Rather than reconciling scores through consensus,
the two evaluators’ ratings for each response were averaged to produce
a single response-level value for each outcome, which was used in all
subsequent analyses (40 responses per model; 200 in total).

The reported model names and versions correspond to the platform
labels displayed on 16 July 2026; because commercial platforms are
updated without full disclosure, the findings represent a time-specific
evaluation.

2.3. Outcome measures

Response quality was assessed with three complementary instru-
ments: the Quality Analysis of Medical Artificial Intelligence (QAMALI)
tool, the Global Quality Score (GQS), and a five-point overall quality rat-
ing. Each instrument was applied independently by the two blinded
evaluators to all 200 responses, and the mean of the two evaluators’
scores was used as the response-level value in the analyses. Averaging
was chosen a priori because the unit of analysis was the response rather
than the rater. Inter-rater reliability was assessed for each outcome mea-
sure (the six QAMAI items, the QAMALI total, GQS, and overall quality
rating) with the intraclass correlation coefficient (ICC), estimated with a
two-way mixed-effects model based on consistency. Both single-measure
ICC(3,1) and average-measure ICC(3,2) values are reported with 95%
confidence intervals; ICC(3,1) quantifies agreement between the indi-
vidual raters and preserves information on rater variability, whereas ICC
(3,2) represents the reliability of the averaged score used in the analyses.
ICC values were interpreted as poor (<0.50), moderate (0.50—0.75),
good (0.75—0.90), and excellent (>0.90) [20].

The QAMAI is a validated instrument for assessing the quality of Al-
generated health information [21]; its six items (accuracy, clarity, rele-
vance, completeness, source provision, and usefulness) are each rated
from 1 to 5, giving a total of 6—30.

The GQS is a five-point global rating of the quality, flow, and useful-
ness of health information (1 = poor, 5 = excellent) [22].

The five-point overall quality rating captured each evaluator’s holis-
tic clinical appraisal, from 1 (very poor) to 5 (excellent).

A guideline-based reference standard answer was developed for each
question by the two surgeons from the AAOMS guidance document [19]
and agreed by consensus. The key elements expected for each question,
their weighting, and the safety-critical and decision-dependent condi-
tions were defined a priori from the AAOMS guidance and are provided
in Supplementary Table S2. Written scoring anchors linking key-element
coverage to each QAMAI item, the GQS, and the overall quality rating
(for example, completeness: >90% of weighted key elements = 5, 70
—89% = 4,50—69% = 3, 25—49% = 2, <25% = 1) were provided to
both evaluators before scoring (Supplementary Table S3), together with
general principles governing synonym acceptance, partial credit,



Table 1
Representative clinician-oriented questions on open temporomandibular joint surgery, guideline-based reference standard answers, and responses generated by five chatbot platforms.

Domain

Question

ChatGPT-5.5 Plus
(OpenAI)

Claude Opus 4.8 (Anthropic)

Gemini 3.1 Pro (Google DeepMind)

Grok 4 SuperGrok (xAI)

Perplexity Pro
(Perplexity AI)

Reference standard answer

Diagnostic and

Indicationsand Q1

patient What are the definite

selection indications for open
TMJ arthroplasty
within open joint sur-
gery?

Q3

What is the profile of a
poor candidate for
open joint surgery?

Q8

Why is MRI important in
planning open joint
surgery?

imaging
methods

Q10

When is CTA required in
planning TMJ ankylo-
sis that requires open
joint surgery?

Severe pain and loss of
function resistant to con-
servative treatment,
ankylosis, advanced
degeneration, severe
trauma sequelae, tumors,
and surgically correct-
able structural joint
pathologies are the main
definite indications.

Patients without evident
structural pathology,
whose pain is predomi-
nantly due to central
sensitization or psycho-
social causes, who have
unrealistic expectations,
and who have severe
uncontrolled systemic
disease are poor candi-
dates.

MRI is the most important
imaging modality for
evaluating disc position,
disc integrity, inflamma-
tion and other soft-tissue
pathologies.

CTA is required if there is
advanced ankylosis close
to large vascular struc-
tures or suspicion of
complex anatomical
deformity.

Bony/fibrous ankylosis,

advanced degenerative joint
disease (Wilkes IV—V) with
refractory pain/dysfunction,
condylar resorption or avas-
cular necrosis, neoplasms
(osteochondroma, chondro-
matosis, synovial patholo-
gies), irreducible chronic
dislocation, trauma sequelae
(malunion/nonunion), and
structural pathologies unre-
sponsive to conservative plus
minimally invasive treat-
ment.

Patients with imaging-symptom

mismatch, widespread pain
syndrome/central sensitiza-
tion (fibromyalgia), uncon-
trolled psychiatric illness,
opioid dependence, uncon-
trolled parafunction-bruxism,
unrealistic expectations,
treatment non-compliance
(physiotherapy non-adher-
ence), active infection,
uncontrolled systemic dis-
ease, and heavy smoking.

1t is the only modality that

shows disc position and
reduction, disc deformation/
perforation, effusion, synovi-
tis, retrodiscal inflammation,
condylar edema/avascular
necrosis and soft-tissue
tumors; it determines the
choice between disc-preserv-
ing surgery and discectomy.

When the ankylotic mass

extends medially/to the skull
base, in recurrent ankylosis,
in suspected tumor/vascular
malformation, and in Sawh-
ney type III-1V cases where
the relationship of the maxil-
lary artery, internal carotid
and retromandibular vein is
uncertain.

The definite indications for open TMJ
arthroplasty are advanced internal
derangements unresponsive to conser-
vative treatment (Wilkes stages IV and
V), fibrous or bony ankylosis, neo-
plasms or tumor-like lesions involving
the joint, growth anomalies (e.g., con-
dylar hyperplasia), and chronic recur-
rent luxations that cannot be reduced
by conservative methods.

Patients with uncontrolled systemic dis-
ease, active local or systemic infection,
unrealistic surgical expectations,
severe psychosocial comorbidities
(somatization, major depression, etc.),
and chronic neuropathic or fibromyal-
gia-related widespread pain disorder
are very poor candidates for open joint
surgery.

Because MRI is the non-invasive soft-tis-
sue imaging modality that best demon-
strates the anatomical position of the
temporomandibular disc (anterior dis-
placement, etc.), disc morphology, the
condition of the retrodiscal tissues,
joint effusion and bone marrow
edema, it is critically important in
defining surgical margins for soft-tis-
sue pathology.

CT Angiography (CTA) is required to
minimize the risk of vascular injury in
severe bony ankylosis cases where the
ankylotic mass is very close to or abut-
ting the skull base and major vascular
structures such as the internal carotid
artery, maxillary artery and internal
jugular vein, and where anatomical
boundaries are lost.

Advanced degeneration
resistant to conservative
treatment, ankylosis,
multiple failed surgeries,
tumor, and severe struc-
tural deformity.

Uncontrolled psychiatric
illness, widespread
chronic pain syndrome,
unrealistic expectations,
and non-compliance.

For demonstrating disc
position, soft-tissue
pathology, effusion and
inflammation.

In ankylosis close to large
vessels or in revision sur-
gery.

Fibrous or osseous ankylo-
sis, neoplasms (espe-
cially chondroma and
chondrosarcoma), devel-
opmental disorders such
as condylar hyperplasia,
and chronic-recurrent
dislocations are among
the classic open arthrot-
omy indications.

Patients with active infec-
tion, serious systemic
disease, immunosuppres-
sion, severe metal
allergy, insufficient bone
support, severe compli-
ance problems, or promi-
nent neuropsychiatric
disorder are considered
poor candidates, particu-
larly for TJR.

MRI answers whether the
disc will be preserved or
a discectomy performed
by demonstrating disc
position, retrodiscal tis-
sues and intra-articular
inflammation.

CTA is required in
advanced osseous anky-
losis, in patients where
vessels may be displaced
by deformity and surgi-
cal bleeding risk is high.

Open surgery (arthroplasty) is indicated when
intraarticular pathology (IPD: synovitis,
chondromalacia, adhesions, disc morphol-
ogy/position disorders) causes pain and
loss of function unresponsive to conserva-
tive and minimally invasive treatment.
Advanced osteoarthritis, ankylosis, condy-
lar resorption, neoplasia/tumor-like lesions
and irreducible chronic dislocation appear
in the surgical algorithms. Imaging findings
must be concordant with symptoms. (Ch. 5
& 7, Surgical Algorithms; Ch. 9 [19])

Pain predominance unexplained by structural
pathology, widespread pain sensitivity/
central sensitization, prominent psychoso-
cial comorbidity (depression, anxiety,
somatization, catastrophizing), unrealistic
expectations, and non-compliance with
postoperative physiotherapy are markers of
a poor candidate. Cervical- or neuropathic-
origin referred pain should also be ruled
out before surgery. (Ch. 10, Failure to Make
the Correct Diagnosis; Chronic Pain [19])

MRI is the standard modality for evaluating
the articular disc, soft tissues and intracap-
sular effusion; it shows disc position and
morphology and static/dynamic closed-
and open-mouth images. Gadolinium-
enhanced sequences distinguish inflamed
synovium/arthropathy from osteomyelitis.
It assesses disc displacement, effusion,
synovial chondromatosis and osteoarthri-
tis; bone detail is poor. (Ch. 4, Magnetic
Resonance Imaging [19])

CTA is ideal for identifying arterial and
venous structures in bony TMJ ankylosis
and is the initial evaluation for vascular
pathology such as AV malformation/hem-
angioma. It is recommended when a vessel
is suspected within the ankylotic mass,
when anatomy is distorted by prior sur-
gery, and when massive hemorrhage risk is
anticipated. (Ch. 4, Computed Tomo-
graphic Angiography; Ch. 9, Ankylosis
[19D

(continued on next page)
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Table 1 (Continued)

Domain Question

ChatGPT-5.5 Plus
(OpenAI)

Claude Opus 4.8 (Anthropic)

Gemini 3.1 Pro (Google DeepMind)

Grok 4 SuperGrok (xAI)

Perplexity Pro
(Perplexity AI)

Reference standard answer

Surgical techni-
ques and
methods

Q13

When should a disc-spar-
ing approach be used
in open joint surgery?

Q15

What is the most critical
anatomical risk in
patients requiring
meniscectomy during
open joint surgery?

Complications
and risks

Q19

How can facial nerve
injury be prevented in
open joint surgery?

Q21
How should middle cra-
nial fossa perforation

and CSF leak be man-
aged in open joint sur-
gery?
Long-term out- Q24
comes and fol- Why is physical therapy

low-up important after open

joint surgery?

It should be applied if the
disc is in a preservable
condition and can be
functionally reposi-
tioned.

Facial nerve and especially
injury to the medially
located maxillary artery
are among the most
important anatomical
risks.

Risk can be reduced with
dissection consistent
with anatomical planes,
careful tissue manipula-
tion, and nerve monitor-
ing when needed.

The CSF leak should be
repaired, neurosurgery
consultation obtained
when needed, and the
patient closely moni-
tored.

Physical therapy preserves
mouth opening, reduces
the risk of fibrosis and
re-ankylosis, and sup-
ports functional recov-
ery.

If the disc is morphologically
intact, not perforated or
severely deformed; in Wilkes
II-III stage, in a young
patient, and when the condy-
lar surface is largely pre-
served, repositioning/
plication is preferred.

Vascular structures posterome-
dial to the retrodiscal tissues
— especially the maxillary
artery and retromandibular
vein/pterygoid plexus; and,
in medially advancing dissec-
tion, the skull base and facial
nerve branches.

Subfascial dissection via a pre-
auricular/endaural incision
(Al-Kayat—Bramley), staying
in the periosteal plane over
the zygomatic arch, blunt dis-
section, avoiding excessive
retractor traction, using bipo-
lar cautery, and nerve moni-
toring when needed.

Intraoperative diagnosis; tem-
poral fascia/muscle/fat graft
for small defects, fibrin seal-
ant, dural suture if needed;
neurosurgery consultation,
lumbar drainage if the leak
persists, head elevation,
avoidance of straining, and
close monitoring for meningi-
tis.

It prevents fibrosis and re-anky-
losis, preserves mouth open-
ing and translation, restores
muscle strength and coordi-
nation, and reduces edema
and pain. It should be started
early and continued for
months; it is the most deci-
sive postoperative factor for
surgical success.

Disc-preserving approaches (e.g., disco-
pexy) should be used in early-to-mid
internal derangement (Wilkes stages I
and IIT) where disc morphology is pre-
served, the disc is not severely
deformed or perforated, and it has
enough flexibility to be surgically
sutured into its anatomical position in
the fossa.

The most critical anatomical risk during
and after meniscectomy is severe hem-
orrhage from injury to the internal
maxillary artery in the deep dissec-
tional area medial to the disc, as well
as perforation of the skull base (roof of
the glenoid fossa) immediately supe-
rior to the joint capsule and injury to
the temporal branch of the facial
nerve.

Facial nerve injury can be prevented by
performing the surgical incision (e.g.,
preauricular) and dissection beneath
the deep layer of the temporoparietal
fascia while adhering to anatomical
landmarks such as the Al-Kayat and
Bramley modification, avoiding
aggressive retraction, and using intrao-
perative facial nerve monitoring.

When glenoid fossa perforation and CSF
leak develop, the leak area should be
immediately plugged with a tempora-
lis muscle graft, bone wax or fat graft
to create a watertight barrier, postop-
erative measures to lower intracranial
pressure should be taken, prophylactic
meningitis antibiotic therapy started,
and neurosurgery consultation
requested.

Postoperative physical therapy is vital to
prevent soft-tissue scarring around the
joint, to preserve and increase joint
range of motion (ROM), to resolve
spasm in the masticatory muscles and
re-establish functional coordination,
and to prevent the joint from progress-
ing to early ankylosis or re-ankylosis.

If disc reduction is possible  Disc repositioning, discec-

and tissue quality is
good.

tomy/meniscectomy,
gap arthroplasty, inter-
positional arthroplasty,
autogenous graft recon-
struction and total joint
replacement are the
main techniques.

Facial nerve (temporal and The most critical risk is

zygomatic branches)
injury.

By isolating the nerve and
using careful retraction.

With emergent repair, tis-
sue graft and neurosur-
gery consultation.

Mandatory to preserve
maximum mouth open-
ing and prevent scar tis-
sue.

injury to the facial nerve
branches; the external
auditory canal and skull
base are also in close
proximity.

A correct dissection plane,
appropriate incision,
avoiding excessive
retraction, adherence to
anatomical layers, and
nerve monitoring when
needed reduce the risk.

The dural defect should be
closed with primary
repair or appropriate
grafts, neurosurgical
support obtained if
needed, and infection
risk reduced.

Physical therapy preserves
range of motion, reduces
the risk of adhesion and
re-ankylosis, and ensures
maintenance of the func-
tion gained through sur-
gery.

When the superior disc surface is intact and
there is no perforation or condylar expo-
sure/cartilage destruction, a disc-sparing
incision and repositioning/plication/imbri-
cation (discopexy) is preferred. If the disc is
perforated, deformed, irreparable or caus-
ing pain/dysfunction, meniscectomy is per-
formed. (Ch. 9, Arthroplasty [19])

The most critical risk is perforation of the
medial capsule during deep dissection at
the medial disc attachment; this leads to
serious hemorrhage from injury to the mid-
dle meningeal artery, internal maxillary
artery or pterygoid venous plexus. The
medial disc attachment is the most difficult
to remove and requires controlled dissec-
tion. (Ch. 9, Meniscectomy [19])

The temporal (and zygomatic) branch of the
facial nerve is most at risk; most injuries
result from excessive retraction rather than
direct transection. Risk is reduced by sub-
periosteal dissection in the correct fascial
plane, gentle retraction with the smallest
retractors, recognition of anatomical land-
marks (Al-Kayat), and a nerve stimulator
when needed. Inability to raise the eye-
brow occurs in 5% of cases, usually resolv-
ing within 3 months, and is permanent in
<1%. (Ch. 10, Facial Nerve Injury; Ch. 9
[19D

Small perforations without CSF leak may
require no treatment. For large perforations
or CSF leak: repair with autogenous cortical
graft (or custom TJR), dural repair (tempo-
ral fascia, fibrin glue), and ICP reduction
with lumbar drainage when needed. Neu-
rosurgery consultation and postoperative
non-contrast CT should be considered. In
ankylosis surgery, cuts are recommended to
be planned at least 5 mm away from the
MCF. (Ch. 10, Perforation of the EAC/MCF
[19D

Aggressive and early joint mobilization is
mandatory for the success of any intraartic-
ular joint surgery. Range-of-motion exer-
cises begin on postoperative day 4; the goal
is to increase ROM and mobilize surgical
edema. Early motion reduces the risk of
adhesion, fibrosis and re-ankylosis. (Ch. 9,
Post-Operative Considerations [19])

(continued on next page)

12509 S

246201 (9202) LTI K123.ng [D1DJO]IXDIA pUD [D.10 A30]0IDUI0IS JO DUIMOL



Table 1 (Continued)

Domain Question

ChatGPT-5.5 Plus
(OpenAI)

Claude Opus 4.8 (Anthropic)

Gemini 3.1 Pro (Google DeepMind)

Grok 4 SuperGrok (xAI)

Perplexity Pro
(Perplexity AI)

Reference standard answer

Q26

How can heterotopic
bone and re-ankylosis
be reduced after TJR in
open joint surgery?

Ethics and
informed
consent

Q27

What should be included
in the informed con-
sent form for open
joint surgery?

Q28
Why should psychosocial
comorbidities be spe-
cifically emphasized in

the consent for open
joint surgery?

Case-based clini-
cal scenarios

Q30

What is the strongest
next option in a patient
with persistent pain
and severe dietary
restriction after two
failed open joint sur-
geries?

Q31

What steps are manda-
tory in the preopera-
tive planning of a
patient with post-trau-
matic bony ankylosis
requiring open joint
surgery?

The risk can be reduced
with early motion exer-
cises, appropriate surgi-
cal technique, and
regular rehabilitation.

It should include the diag-
nosis, treatment options,
expected benefits, possi-
ble complications, need
for rehabilitation, and
the possibility of addi-
tional surgery.

It must be stated that psy-
chosocial comorbidities
can affect pain percep-
tion and surgical satis-
faction.

If advanced structural dam-

age is confirmed, total
joint replacement is the
strongest next surgical
option.

Detailed clinical examina-
tion, CT/CBCT, CTA if
needed, occlusion analy-
sis and rehabilitation
planning are mandatory.

Meticulous removal of bone
debris and blood, wide resec-
tion/gap creation, autoge-
nous fat graft interposition,
early and aggressive physio-
therapy, additional coronoi-
dectomy, hemostasis control,
and NSAIDs in selected cases;
radiotherapy is not routine in
the TMJ.

Diagnosis and alternatives, the
planned procedure and its
aim, realistic expected gain
(pain may not fully resolve,
opening may increase only to
a limited extent), risks (facial
nerve injury, sensory loss,
bleeding, infection, EAC/
dura injury, malocclusion, re-
ankylosis, prosthesis lifespan
and revision possibility), the
requirement for physiother-
apy and diet, the need for
long-term follow-up, and the
expected course if surgery is
not performed.

Because pain may persist even if
the surgery is technically suc-
cessful; the expectation that
“surgery will end my pain” is
unrealistic. Including this
explicitly in the consent is
necessary for expectation
management, legal protec-
tion and ethical transparency.

If the pain source is confirmed
to be structural, alloplastic
total joint replacement, pref-
erably a patient-specific pros-
thesis; this should be
accompanied by early aggres-
sive physiotherapy and fat
graft interposition. Myofas-
cial/central pain and psycho-
social factors should be
excluded beforehand.

Airway assessment and fiberop-
tic intubation plan, 3D map-
ping of the ankylotic mass
with thin-slice CBCT/CT
(Sawhney classification),
CTA when needed, evalua-
tion of the coronoid and con-
tralateral joint, analysis of
occlusion-ramus height and
dentofacial deformity, virtual
surgical planning/cutting
guides, blood preparation,
graft/prosthesis selection,
and pre-planning the physio-
therapy program.

To reduce the risk of heterotopic ossifica-
tion and re-ankylosis, the area around
the prosthesis should be filled with a
free fat graft (abdominal or buccal)
during surgery, aggressive physical
therapy started in the early postopera-
tive period (first 24—48 h), and pro-
phylactic non-steroidal anti-
inflammatory drugs (e.g., indometha-
cin) or low-dose localized radiother-
apy preferred.

The consent form should clearly state the
details of the surgical procedure to be
performed, alternative treatment
options, facial nerve injury (risk of per-
manent paralysis), bleeding, hearing
loss or EAC perforation, infection,
prosthesis or graft failure, develop-
ment of malocclusion, the risk of per-
sistent chronic pain, and the need for
long-term intensive physical therapy.

Patients with psychosocial comorbidity
may continue to feel pain despite ana-
tomical success due to central sensiti-
zation; the consent should clarify that
this is not a surgical failure but a disor-
der of the nervous system’s pain proc-
essing, and expectations should be set
on a realistic basis to reduce legal and
clinical risks.

In this patient who has undergone two
failed open joint surgeries, joint anat-
omy and biomechanics will be severely
disrupted, so the strongest and most
predictable next option is complete
resection of the damaged joint struc-
tures and replacement with a custom-
made Total Joint Prosthesis (TJR).

Preoperatively, it is mandatory to clarify
the relationship of the ankylotic mass
with the skull base and adjacent vascu-
lar structures using three-dimensional
CT/CBCT, to obtain CTA if needed, to
define osteotomy lines with virtual
surgical planning (VSP), to produce a
stereolithographic model, and to have
an aggressive postoperative physical
therapy protocol ready.

With NSAIDs, radiation
and aggressive physical
therapy.

Risks, alternatives, success
rates and long-term
expectations.

Because of the potential to
adversely affect surgical
success and patient satis-
faction.

Total joint replacement
(TJR).

Detailed CBCT/MRI, CTA
(if needed), psychosocial
evaluation and prosthe-
sis planning.

Leaving an adequate surgi-
cal gap, appropriate
interposition, early exer-
cise, and NSAIDs or adju-
vant measures in
selected protocols can
reduce the risk of hetero-
topic bone and re-anky-
losis.

Surgery-specific risks such
as diagnosis, alternative
treatments, expected
benefits, nerve injury,
infection, bleeding, CSF
leak, persistent pain, re-
ankylosis, malocclusion
and the need for rehabil-
itation should be
included.

Because these conditions
can markedly affect post-
operative pain percep-
tion, expectations,
compliance and satisfac-
tion.

If end-stage damage or
severe loss of function is
confirmed clinically and
radiologically, total TMJ
replacement is the stron-
gest next option.

It is mandatory to define
the ankylotic mass with
CBCT/CT, the vascular
anatomy with CTA if
needed, airway plan-
ning, possible coronoi-
dectomy need, and
functional goals.

The most common and least problematic
approach is to create a critical gap arthro-
plasty, use an alloplastic TJR and fill the
dead space with a fat graft. The fat graft
limits differentiation of undifferentiated
mesenchymal/pluripotent cells, reducing
fibrosis and heterotopic calcification. Evi-
dence for NSAIDs (indomethacin) and low-
dose radiotherapy is weak and not routine
in the TMJ. (Ch. 10, Heterotopic Bone and
Ankylosis [19])

Consent should include a description of the
procedure, expected benefits, alternative
treatments and major complications,
together with the possibility of revision/
additional surgery. Surgery-specific risks:
facial nerve injury, EAC/tympanic mem-
brane injury and hearing loss, MCF perfora-
tion/CSF leak, massive hemorrhage,
infection and persistent pain. (Ch. 10, Com-
plications [19])

Despite an accurate diagnosis and technically
successful surgery, a subgroup of patients
may have persistent pain through central
sensitization/neuropathic mechanisms.
This should be clearly stated in the consent;
the expectation that “surgery will
completely eliminate pain” must be placed
on a realistic basis. It is important for
expectation management and to avoid
patient abandonment. (Ch. 10, Chronic
Pain; Biopsychosocial Appendix [19])

In a multiply-operated joint with advanced
structural damage, alloplastic total joint
replacement (preferably a patient-specific
prosthesis) is the most stable and predict-
able option; it is performed with a critical
gap and fat graft interposition. However, if
the pain is of myofascial/central/neuro-
pathic origin, these must be excluded first,
otherwise the outcome is poor. (Ch. 9,
Total Joint Replacement; Ch. 10, Chronic
Pain [19])

Mandatory steps: mapping the ankylotic mass
and resection boundaries with axial/coro-
nal/sagittal CT; CTA when a vessel is sus-
pected; virtual surgical planning (VSP),
stereolithographic model, cutting guides
and navigation; and a safe airway plan
coordinated with anesthesia (often fiberop-
tic nasoendotracheal intubation, with tra-
cheostomy preparation if needed). (Ch. 9,
Ankylosis / Virtual Surgical Planning [19])

(continued on next page)
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Table 1 (Continued)

Domain

Question

ChatGPT-5.5 Plus
(OpenAI)

Claude Opus 4.8 (Anthropic)

Gemini 3.1 Pro (Google DeepMind)

Grok 4 SuperGrok (xAI)

Perplexity Pro
(Perplexity AI)

Reference standard answer

Integrative clini-

Q37

cal reasoning Why must cervical-origin
or neuropathic pain be
ruled out in a patient
scheduled for open
joint surgery?

Q39

What are the possible
causes of new-onset
malocclusion after
total joint replacement
in open joint surgery,
and how should the
initial assessment be
performed?

Because these pain sources
can mimic TMJ disease
and lead to unnecessary
surgery.

Prosthesis position, screw
stability, condylar seat-
ing and occlusion should
be evaluated clinically
and radiologically.

These pains mimic TMJ pain; if

the source is not in the joint,
surgery is both useless and
may add new injury/neurop-
athy and lead to dissatisfac-
tion. Exclusion is essential for
correct indication, realistic
expectations and avoiding
unnecessary surgery.

Causes: intraoperative prosthe-

sis malposition, inadequate
intermaxillary fixation or its
early release, screw loosen-
ing/component migration,
edema-hematoma, muscle
spasm, contralateral joint
pathology, heterotopic bone,
or pre-existing occlusal dis-
crepancy. Initial assessment:
clinical occlusion examina-
tion and comparison with
preoperative records, CBCT/
CT showing prosthesis posi-
tion, fixation integrity check;
elastic guidance and physio-
therapy in mild cases, revi-
sion if there is a structural
error.

Because cervical spine pathologies and
neuropathic pain produce pain
referred directly to the TMJ region,; if
these primary sources are not elimi-
nated before surgery, the patient will
undergo unnecessary invasive open
joint surgery and the referred pain
character will not change at all postop-
eratively.

Malocclusion may develop from loosen-
ing or fracture of prosthesis screws,
displacement of prosthesis compo-
nents, acute degeneration/condylar
resorption in the contralateral joint, or
postoperative muscle spasm; the initial
assessment should check occlusal con-
tacts and confirm prosthesis integrity
with panoramic or CBCT imaging.

They must be ruled out
because they can lead to
surgical failure.

Due to prosthesis position,
condylar height or mus-
cle imbalance; clinical
and radiological evalua-
tion.

Because these pains can
mimic TMJ-origin pain
and result in a wrong
surgical indication, caus-
ing persistent postopera-
tive pain.

Component malposition,
screw loosening, incor-
rect height restoration or
contralateral joint/mus-
cle adaptation problems
may be the cause; clini-
cal occlusion analysis
and imaging should be
performed at the first
stage.

Cervical pain is one of the most common sour-
ces of pain referred to the face and jaws;
conditions such as migraine, trigeminal
neuralgia and cervicogenic headache
mimic TMJ pain. Failure to recognize
referred pain leads to unnecessary TMJ sur-
gery with poor outcomes. All cervical pain
should be managed before surgery (Spurl-
ing test, referral to physical therapy/phys-
iatry) and the patient reassessed. (Ch. 10,
Failure to Make the Correct Diagnosis [19])

Possible causes: intraoperative component
malposition, change in seating of the con-
dyle in the fossa, early release/inadequacy
of MMF, screw loosening/component
migration, postoperative edema-muscle
imbalance, and contralateral joint pathol-
ogy. Initial assessment: detailed clinical
occlusion examination and comparison
with preoperative records, CBCT/CT show-
ing component position; guiding elastics in
mild cases, revision for structural error.
(Ch. 9, Total Joint Replacement; Ch. 10
[19D

Two representative questions are shown for each of the eight clinical domains; question numbers correspond to the complete set of 40 questions and all corresponding responses provided as Supplementary Material. Refer-
ence standard answers were developed from the AAOMS guidance document [19]; parenthetical codes denote the supporting chapter and section heading. Al, artificial intelligence.
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Table 2
Chatbot platforms evaluated (all queries submitted on 16 July 2026).

Journal of Stomatology oral and Maxillofacial Surgery 127 (2026) 102972

Platform Model version Subscription tier Web search / retrieval Settings

ChatGPT (OpenAl) GPT-5.5 ChatGPT Plus Default; invoked automatically by the platform Default; no custom instructions
Claude (Anthropic) Claude Opus 4.8 Claude Pro Default; invoked automatically by the platform Default; no custom instructions
Gemini (Google DeepMind) Gemini 3.1 Pro Google Al Pro Default; invoked automatically by the platform Default; no custom instructions
Grok (xAI) Grok 4 SuperGrok Default; invoked automatically by the platform Default; no custom instructions

Perplexity (Perplexity Al) Perplexity Pro (default model) Perplexity Pro

Always on (retrieval-augmented by design; citations appended

Default; no custom instructions

to every response)

Session protocol for all platforms: new empty chat per question, question entered verbatim, first response retained. Decoding parameters (temperature, top-p) are not

user-configurable and were left at platform defaults.

incorrect statements, decision questions, and list padding (Supplemen-
tary Table S4). Representative questions, reference answers, and plat-
form responses are presented in Table 1.

2.4. Outcome assessment and statistical analysis

Readability was quantified with the Flesch Reading Ease Score
(FRES) and Flesch-Kincaid Grade Level (FKGL), computed with the text-
stat library (version 0.7.13, Python 3.12) from the raw response text
after removal of URLs and citation strings. Higher FRES values indicate
greater reading ease, whereas higher FKGL values indicate a higher
grade level. The FRES formula has no lower bound and yields negative
values for highly complex text; no floor, truncation, or other post-proc-
essing was applied. FRES >60 and FKGL <8 were used as general bench-
marks, and readability was interpreted descriptively and independently
from clinical quality.

Because the same 40 questions were submitted to all five platforms,
the data have a repeated-measures structure in which each question con-
stitutes a block with five related observations. Between-platform com-
parisons were therefore performed using the Friedman test (k = 5
related samples, n = 40 blocks). The score analyzed for each question-
platform pair was the mean of the two evaluators’ ratings (QAMAI items,
QAMALI total, GQS, and overall quality rating); readability indices were
single values per response. Kendall’s W was calculated as the effect size
for the Friedman test (0.1 small, 0.3 moderate, 0.5 large). When the
Friedman test was significant, pairwise post-hoc comparisons were per-
formed using the Wilcoxon signed-rank test with Bonferroni correction
for the 10 pairwise comparisons within each outcome (adjusted
a = 0.005; reported P values are Bonferroni-adjusted), and the effect
size of each pairwise comparison was expressed asr = Z/ \/ n (0.1 small,
0.3 medium, 0.5 large). To examine whether response length influenced
scoring, the word count of each response (after removal of URLs) was
correlated with each outcome using Spearman’s p, both across all 200
responses and within each platform. Descriptive statistics are reported
as mean + standard deviation and median (interquartile range). All tests
were two-sided, with statistical significance set at P < .05. Analyses
were performed in Python 3.12 (SciPy, statsmodels, pingouin 0.6).

3. Results

A total of 200 responses were generated, with 40 responses from
each of the five platforms. Inter-rater reliability was good to excellent
for all outcome measures (Table 5). Across the 200 pooled responses,
single-measure ICC(3,1) ranged from 0.863 (95% CI 0.82—0.89) for
completeness to 0.970 (95% CI 0.96—0.98) for the QAMAI total score,
and average-measure ICC(3,2) ranged from 0.927 (95% CI 0.90—0.94)
to 0.985 (95% CI 0.98—0.99). Platform-specific ICCs (Supplementary
Table S1) were >0.70 for single measures and >0.83 for average meas-
ures; for the source-provision item of Perplexity, the two evaluators
assigned identical scores to every response (ICC = 1.00; confidence
interval not estimable).

The Friedman test showed significant between-platform differences
for every outcome except clarity (Table 3). The largest effect was

observed for the QAMAI total score (y2(4) = 119.4, P < .001, Kendall’s
W = 0.75): Perplexity obtained the highest scores (27.52 + 1.43;
median 27.5, IQR 26.5—29.0), followed by Claude (25.45 + 1.49), Gem-
ini (25.14 + 1.17), ChatGPT (23.04 + 2.38), and Grok (21.60 + 1.95).
Bonferroni-adjusted Wilcoxon signed-rank tests showed that all pairwise
differences in total score were significant (P < .007, r = 0.53—-0.87)
except Claude versus Gemini (P = 1.00) (Table 4).

Perplexity’s advantage was driven mainly by source provision
(y*(4) = 107.4, P < .001, W = 0.67), in which it scored higher than
every other platform (4.90 + 0.30 versus 2.41-2.83; all P < .001,
r = 0.89—-0.91), whereas the other four platforms did not differ from
one another except Gemini versus Grok (P = .011). When the source-
provision item was excluded, the median five-item QAMALI score was
23.0 for Claude, 22.8 for Perplexity, 22.0 for Gemini, 20.3 for ChatGPT,
and 19.0 for Grok, indicating that Perplexity’s overall lead was attribut-
able mainly to source provision, whereas the lower scores of ChatGPT
and Grok persisted. For accuracy (y2(4) = 101.0, P <.001, W = 0.63),
Claude (4.41 + 0.55), Gemini (4.42 + 0.57), and Perplexity
(4.54 + 0.50) did not differ from each other but all scored higher than
ChatGPT (3.75 + 0.60; P < .003) and Grok (2.92 + 0.62; P < .001);
ChatGPT also scored higher than Grok (P < .001, r = 0.75). Grok
obtained the lowest scores for relevance, usefulness, GQS, and overall
quality (all comparisons against Grok P < .001). Claude achieved the
highest usefulness (4.54 + 0.51; y%(4) = 72.5, P <.001, W = 0.45) and
GQS (4.51 + 0.58; y2(4) = 73.9, P < .001, W = 0.46), differing signifi-
cantly from ChatGPT, Gemini, and Grok (P <.038) but not from Perplex-
ity (4.31 + 0.53). For the five-point overall quality rating (y2(4) = 99.1,
P < .001, W = 0.62), Gemini (4.29 + 0.71) and Claude (4.17 + 0.66)
scored higher than ChatGPT (3.64 + 0.51; P < .001) and Grok
(2.40 £ 0.51; P < .001), and Gemini also scored higher than Perplexity
(3.76 + 0.64; P = .022). Completeness differed mainly because
ChatGPT scored lower than the other four platforms (P < .023). Clarity
did not differ between platforms (y2(4) = 5.04, P = .283, W = 0.03).

Readability differed significantly between platforms (FKGL:
x¥(4) = 92.3, P < .001, W = 0.58; FRES: y?2(4) = 41.0, P < .001,
W = 0.26; Table 3). Claude (median FKGL 22.7, FRES —11.6) and Gem-
ini (FKGL 26.1, FRES —7.5) produced the most complex text and were
significantly harder to read than ChatGPT (FKGL 16.4, FRES 10.0), Grok
(14.1,10.1), and Perplexity (17.9, 10.2) (all P <.037); Claude and Gem-
ini did not differ from each other, nor did ChatGPT, Grok, and Perplexity
on FRES. All platforms exceeded the benchmarks for lay readers.

Response length differed markedly between platforms (mean 9.4
words for Grok, 17.3 for ChatGPT, 22.8 for Perplexity, 37.1 for Claude,
and 47.4 for Gemini). Across all 200 responses, word count correlated
moderately with the QAMAI total (Spearman p = 0.50), but this was
largely explained by platform identity: within ChatGPT, Claude, and
Gemini the correlation was weak and non-significant (p = 0.17, 0.10,
and 0.15), whereas within Grok (p = 0.49) and Perplexity (» = 0.63)
shorter responses omitted guideline key elements and were scored
lower, primarily on accuracy and usefulness. Completeness correlated
only weakly with word count (pooled p = 0.14), and Gemini, the lon-
gest-answering platform, did not obtain the highest scores (Supplemen-
tary Table S5).
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Table 3

Quality and readability measures according to chatbot platform (Friedman test).

Journal of Stomatology oral and Maxillofacial Surgery 127 (2026) 102972

Measure Platform Mean + SD Median (IQR) Meanrank  y2(df = 4) Pvalue Kendall’s W
QAMAI total ChatGPT-5.5 Plus 23.04 +2.38 23.0 (21.4-25.0) 2.04 119.36 <.001 0.746
Claude Opus 4.8 25.45+1.49 25.5 (24.5-26.5) 3.65
Gemini 3.1 Pro 25.14 +£1.17 25.0 (24.8—26.0) 3.21
Grok 4 (SuperGrok)  21.60 + 1.95 21.8(20.4—-23.0) 1.34
Perplexity Pro 27.52+1.43 27.5(26.5-29.0) 4.76
QAMAI accuracy ChatGPT-5.5 Plus 3.75+0.60 4.0 (3.0—-4.0) 2.42 101.02 <.001 0.631
Claude Opus 4.8 4.41 £ 0.55 4.0 (4.0-5.0) 3.71
Gemini 3.1 Pro 4.42 +0.57 4.5 (4.0-5.0) 3.74
Grok 4 (SuperGrok) 2.92 +0.62 3.0(2.9-3.0) 1.23
Perplexity Pro 4.54 +0.50 5.0 (4.0-5.0) 3.90
QAMAI clarity ChatGPT-5.5 Plus 4.21 +£0.63 4.0 (4.0-5.0) 2.71 5.04 .283 0.031
Claude Opus 4.8 4.47 +0.52 4.5 (4.0-5.0) 3.27
Gemini 3.1 Pro 4.36 +0.48 4.0 (4.0-5.0) 2.95
Grok 4 (SuperGrok)  4.29 + 0.62 4.0 (4.0-5.0) 2.86
Perplexity Pro 4.46 + 0.50 4.0 (4.0-5.0) 3.20
QAMAI relevance ChatGPT-5.5 Plus 4.49 +0.52 4.5 (4.0-5.0) 3.08 40.73 <.001 0.255
Claude Opus 4.8 4.65 +0.47 5.0 (4.0-5.0) 3.45
Gemini 3.1 Pro 4.58 + 0.49 5.0 (4.0-5.0) 3.24
Grok 4 (SuperGrok) 3.91 +0.60 4.0 (3.9-4.0) 1.85
Perplexity Pro 4.62 +0.48 5.0 (4.0-5.0) 3.39
QAMAI completeness ChatGPT-5.5 Plus 4.29+0.71 4.0 (4.0-5.0) 2.12 32.85 <.001 0.205
Claude Opus 4.8 4.67 +0.46 5.0 (4.0-5.0) 2.96
Gemini 3.1 Pro 4.84 +0.40 5.0 (5.0-5.0) 3.41
Grok 4 (SuperGrok)  4.78 +0.39 5.0 (4.5-5.0) 3.21
Perplexity Pro 4.80 +0.39 5.0 (5.0-5.0) 3.29
QAMAI source provision ChatGPT-5.5 Plus 2.62 +0.55 3.0(2.0-3.0) 2.44 107.40 <.001 0.671
Claude Opus 4.8 2.70 +0.54 3.0 (2.0-3.0) 2.56
Gemini 3.1 Pro 2.83 +0.40 3.0 (3.0-3.0) 2.90
Grok 4 (SuperGrok) 2.41 +0.54 2.0 (2.0-3.0) 2.10
Perplexity Pro 4.90 +0.30 5.0 (5.0-5.0) 5.00
QAMAI usefulness ChatGPT-5.5 Plus 3.67 +£0.56 4.0 (3.0—4.0) 2.40 72.47 <.001 0.453
Claude Opus 4.8 4.54 +0.51 5.0 (4.0-5.0) 4.16
Gemini 3.1 Pro 4.11 +0.63 4.0 (4.0-4.2) 3.24
Grok 4 (SuperGrok)  3.29 +0.59 3.0 (3.0-4.0) 1.71
Perplexity Pro 4.20 + 0.58 4.0 (4.0-5.0) 3.49
GQS ChatGPT-5.5 Plus 4.21 +0.58 4.0 (4.0-5.0) 3.29 73.93 <.001 0.462
Claude Opus 4.8 4.51 +0.58 5.0 (4.0-5.0) 3.88
Gemini 3.1 Pro 4.03 + 0.66 4.0 (4.0-4.1) 2.91
Grok 4 (SuperGrok) 3.14 +0.62 3.0(3.0-3.6) 1.41
Perplexity Pro 4.31 +0.53 4.0 (4.0-5.0) 3.51
Overall quality ChatGPT-5.5 Plus 3.64 +£0.51 4.0 (3.0—4.0) 2.89 99.10 <.001 0.619
Claude Opus 4.8 4.17 + 0.66 4.0 (4.0-5.0) 3.76
Gemini 3.1 Pro 4.29+0.71 4.0 (4.0-5.0) 4.12
Grok 4 (SuperGrok)  2.40 +0.51 2.0 (2.0-3.0) 1.11
Perplexity Pro 3.76 + 0.64 4.0 (3.0—-4.0) 3.11
FKGL ChatGPT-5.5 Plus 16.31 + 3.87 16.4 (14.6—19.2) 2.20 92.30 <.001 0.577
Claude Opus 4.8 22.88 +5.15 22.7 (18.9-26.6) 4.03
Gemini 3.1 Pro 24.75 + 4.61 26.1 (20.7—-27.9) 4.35
Grok 4 (SuperGrok) 14.53 + 4.62 14.1 (11.2-18.7) 1.50
Perplexity Pro 18.11 +3.31 17.9 (15.4-20.2) 2.92
FRES ChatGPT-5.5 Plus 8.91 + 25.86 10.0 (-10.5-23.0) 3.77 40.98 <.001 0.256
Claude Opus 4.8 -14.15+27.04 -11.6 (-27.8-3.5) 1.95
Gemini 3.1 Pro —9.68 +16.72 -7.5(-21.2-0.1) 2.35
Grok 4 (SuperGrok)  7.61 + 33.04 10.1 (-14.5-34.6) 3.40
Perplexity Pro 5.90 + 25.26 10.2(-11.5-24.4) 3.52

QAMAI, Quality Analysis of Medical Artificial Intelligence; GQS, Global Quality Score; FKGL, Flesch-Kincaid Grade Level; FRES, Flesch
Reading Ease Score; IQR, interquartile range; SD, standard deviation; y2, Friedman test statistic; W, Kendall’s coefficient of concordance
(effect size). Quality scores are the mean of the two evaluators (n = 40 questions per platform). Readability indices were computed with
textstat from the raw response text without truncation; negative FRES values indicate text more complex than the nominal 0—100 range.

Pairwise post-hoc comparisons are given in Table 4.

4. Discussion

This guideline-based evaluation demonstrated substantial differen-
ces among five contemporary chatbot platforms in responding to clini-
cian-oriented questions on open TMJ surgery. Perplexity achieved the
highest QAMALI total score, an advantage attributable largely to its
retrieval-based source provision; Claude achieved the highest GQS and
usefulness scores, and Gemini the highest five-point overall quality rat-
ing. Claude and Gemini produced the least readable text. Grok consis-
tently received the lowest scores across the three quality measures. The

large effect sizes observed for QAMAI, GQS, and overall quality (Ken-
dall’s W 0.46—0.75) indicate that platform choice materially influenced
the quality of the generated clinical information. Importantly, no single
platform performed best across all evaluation measures, highlighting
the multidimensional nature of performance in this clinically complex
domain.

The divergence in platform rankings across QAMAL GQS, and overall
quality is clinically relevant because these measures capture different
aspects of response quality: QAMAI evaluates six distinct components
[21], GQS provides a global assessment of quality, flow, and usefulness
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Table 4
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Bonferroni-adjusted pairwise post-hoc comparisons between platforms (Wilcoxon signed-rank test).

Comparison QAMAIL total Accuracy Source provision  Usefulness GQS Overall quality
ChatGPT vs Claude <.001(0.78)  <.001(0.71)  1.000 (0.17) <.001(0.79)  .033(0.46) <.001 (0.64)
ChatGPT vs Gemini <.001(0.65)  .003(0.58) .402 (0.32) .033(0.47) 1.000 (0.21) <.001 (0.67)
ChatGPT vs Grok .007 (0.53) <.001 (0.75) 1.000 (0.26) .008 (0.53) <.001 (0.79) <.001 (0.88)
ChatGPT vs Perplexity ~ <.001(0.87)  <.001(0.77)  <.001 (0.89) .002 (0.60) 1.000 (0.15) 1.000 (0.14)
Claude vs Gemini 1.000 (0.20) 1.000 (0.01) 1.000 (0.19) .038 (0.46) .033(0.46) 1.000 (0.11)
Claude vs Grok <.001 (0.87) <.001 (0.87) .132(0.39) <.001 (0.82) <.001 (0.83) <.001 (0.86)
Claude vs Perplexity <.001(0.80)  1.000(0.17) <.001 (0.89) .128 (0.39) .535(0.31) .112(0.40)
Gemini vs Grok <.001(0.85)  <.001(0.83)  .011(0.51) <.001(0.67)  <.001(0.72)  <.001 (0.88)
Gemini vs Perplexity <.001 (0.83) 1.000 (0.15) <.001 (0.91) 1.000 (0.09) .276 (0.35) .022 (0.48)
Grok vs Perplexity <.001 (0.87) <.001 (0.87) <.001 (0.89) <.001 (0.75) <.001 (0.82) <.001 (0.86)

Values are Bonferroni-adjusted P values (effect size r = Z/ \/ n; 0.1 small, 0.3 medium, 0.5 large). Post-hoc comparisons
for relevance, completeness and the readability indices, and uncorrected P values, are provided in Supplementary Table
S6. Clarity was not tested post hoc because the Friedman test was not significant.

[22], and the five-point rating reflected the evaluators’ holistic clinical
appraisal. Strength in one dimension therefore does not necessarily
translate into superior performance across others, and these complemen-
tary measures should be interpreted together rather than relying on a
single score.

Our findings should be interpreted alongside recent dental studies
showing that LLM performance is model-, prompt-, task-, and evalua-
tion-dependent rather than a fixed property of a given system
[9,10,18,23—27]. Hassanein et al. [28] evaluated a single multimodal
model (ChatGPT-5.1) on 300 biopsy-confirmed oral lesion vignettes
under three prompting strategies: prompt structure was an independent
determinant of diagnostic accuracy in multivariable analysis (consis-
tency-optimized versus context-only prompt, f = +0.167, P = .002),
the best prompt reached 72% top-1 accuracy compared with 80% for
expert clinicians, calibration and explanation quality differed signifi-
cantly between prompts (P < .0001), and the authors proposed a Prompt
Performance Index to quantify stability while noting that prompt sensi-
tivity may be model-specific. The same group [29] compared ChatGPT-4
and DeepSeek-3 as rubric-based graders of 2358 clinical short-answer
responses against three calibrated experts and found markedly different
agreement (ICC 0.64 versus 0.87), a response-style-dependent error pat-
tern in ChatGPT-4 (increasing error from concise to verbose to flawed
responses) absent in DeepSeek-3, and an optimistic bias toward incor-
rect answers in both models. Accordingly, the platform ranking we
observed, obtained with a single zero-shot prompt, the QAMAI and GQS

Table 5
Inter-rater reliability between the two evaluators (intraclass correlation coef-
ficients, n = 200 pooled responses).

Outcome measure ICC(3,1) single measure ICC(3,2) average measure

(95% CI) (95% CI)
QAMAI total 0.970 (0.96—0.98) 0.985 (0.98—0.99)
QAMAI accuracy 0.937 (0.92—-0.95) 0.967 (0.96—0.98)
QAMAI clarity 0.864 (0.82—-0.90) 0.927 (0.90—-0.94)
QAMAI relevance 0.888 (0.85—-0.91) 0.941 (0.92—-0.95)
QAMAI completeness 0.863 (0.82—0.89) 0.927 (0.90—0.94)

QAMAI source provision

0.961 (0.95-0.97)

0.980 (0.97-0.98)

QAMAI usefulness 0.920 (0.90—-0.94) 0.958 (0.94-0.97)
GQS 0.918 (0.89-0.94) 0.957 (0.94-0.97)
Overall quality 0.932 (0.91-0.95) 0.965 (0.95-0.97)

ICC, intraclass correlation coefficient (two-way mixed-effects model, consis-
tency definition); CI, confidence interval. ICC(3,1) quantifies agreement
between the two individual raters; ICC(3,2) is the reliability of the averaged
score used in the analyses. Interpretation: <0.50 poor, 0.50—0.75 moderate,
0.75—0.90 good, >0.90 excellent [31]. Platform-specific values are given in
Supplementary Table S1; for the source-provision item of Perplexity both
evaluators assigned identical scores to all 40 responses (ICC = 1.00, CI not
estimable).

instruments, and one point in time, should not be generalized to other
prompts, tasks, or evaluation frameworks; structured prompting might
have narrowed or changed the differences between platforms, and
model-specific prompt sensitivity [28] is one reason multi-platform com-
parisons remain necessary. The response-style finding [29] motivated
our within-platform analysis of length-score associations. Whereas Has-
sanein et al. [28] accessed the model through an API at temperature O,
consumer chat interfaces do not expose decoding parameters; our study
therefore characterizes the products as clinicians actually use them,
which strengthens ecological validity but limits reproducibility, a con-
straint both studies acknowledge with respect to model updating. Previ-
ous TMD-focused studies have reported potentially useful chatbot-
generated information while emphasizing professional oversight
[15,16], but addressed general TMD knowledge or patient education
rather than clinician-oriented decision-making in open TMJ surgery,
where decisions are highly context dependent and potentially irrevers-
ible [2—6,19]. The present study extends this evidence to indications
and patient selection, imaging and preoperative planning, surgical
approaches, anatomical risks, complications, and reconstruction
[2—-6,19].

The between-platform differences in source provision, and conse-
quently in the QAMAI total, should be interpreted in the light of the
platforms’ retrieval configurations. Perplexity is a retrieval-augmented
search engine that cites web sources by default, whereas under the
default settings of the other platforms source citation is inconsistent or
absent. Its superior source-provision score therefore reflects a product-
level design feature rather than greater medical knowledge, and plat-
form-level differences in browsing and citation behavior may have con-
tributed to the ranking. When source provision was excluded,
Perplexity’s lead disappeared and Claude, Perplexity, and Gemini con-
verged, whereas the lower scores of ChatGPT and Grok persisted, indi-
cating that the accuracy and usefulness differences are not attributable
to citation behavior alone. Our findings should accordingly be under-
stood as a comparison of chatbot platforms as used by clinicians, not of
the intrinsic performance of the underlying language models.

Response length is a potential source of bias. The moderate pooled
correlation between word count and total score was largely explained
by platform identity: within the three platforms producing longer
answers the correlation was weak, the longest-answering platform did
not obtain the highest scores, and completeness was only weakly related
to length. Very short responses, as typically produced by Grok, omitted
guideline key elements and were penalized on accuracy and usefulness
rather than on length per se. The evaluators therefore did not appear to
reward verbosity, although the possibility that longer answers were
more likely to contain the reference key elements cannot be fully sepa-
rated from accuracy in this design.

Claude and Gemini produced the most linguistically complex text,
whereas ChatGPT, Grok, and Perplexity were comparably more
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readable; even the most readable responses remained far more complex
than public-facing benchmarks. Although specialized terminology was
expected for clinician-oriented questions, excessive complexity may hin-
der information appraisal, teaching, interdisciplinary communication,
and adaptation for patient counseling. Readability should, however, be
interpreted independently from clinical accuracy, as simpler language
does not indicate clinically correct or complete information [30,30].

These findings support a constrained and supervised role for
LLMs in open TMJ surgery: they may assist with preliminary infor-
mation synthesis, topic organization, and identification of issues
requiring verification [7,8], but should not be used independently to
determine indications, select approaches, interpret imaging, or guide
the management of complications. Hallucinated information, unveri-
fiable citations, omission of clinically important qualifications, auto-
mation bias, and variability across repeated queries remain
important concerns [11,12,17,31,32], and LLM-generated informa-
tion should be verified against current guidelines and primary sour-
ces before informing clinical decisions.

It should be emphasized that the QAMAI, GQS, and overall qual-
ity instruments measure the quality, completeness, and guideline
concordance of written responses as judged by specialists; they do
not measure clinical safety, diagnostic accuracy in real patients, or
the effect of chatbot use on surgical decision-making or patient out-
comes. A response rated accurate and complete may still be unsafe
if applied to an individual patient without a surgeon’s contextual
judgement, and readability describes linguistic accessibility rather
than correctness. No patient-level outcomes were evaluated; our con-
clusions are restricted to the informational quality of the responses,
and the requirement for specialist verification follows directly from
this distinction.

Strengths include a 40-question set developed independently by two
oral and maxillofacial surgeons from contemporary AAOMS guidance
and finalized by consensus across eight domains [19]; identical wording,
new chat sessions, verbatim prompting, and no corrective prompts,
which standardized response collection across platforms; and blinded,
independent specialist assessment guided by a priori key elements and
written scoring anchors, with multidimensional quality measures and
readability indices, consistent with the reporting priorities emphasized
by CHART [33,33].

Several limitations should be acknowledged. First, each question
was submitted once to each platform on a single day (16 July
2026). Because commercial chatbots generate responses stochasti-
cally and are updated without notice, the results represent a snap-
shot at the stated access date; within-platform response variability
was not assessed, and repeated querying under identical conditions
is needed to establish the consistency of the differences reported
here [32]. Decoding parameters (temperature, top-p) and platform-
side content filters are not user-configurable or visible in consumer
chat interfaces and could not be equalized across platforms, so part
of the between-platform variability may reflect default sampling or
filtering rather than underlying model capability, and a sensitivity
analysis with varied decoding parameters was not possible. Plat-
form labels may also not fully reflect underlying model revisions or
system-level instructions. Second, the question set was not sub-
jected to external psychometric validation, and the number of ques-
tions varied across domains. Third, text-only prompts did not assess
image interpretation, multimodal integration, operative perfor-
mance, or patient outcomes, and readability metrics quantify lin-
guistic complexity rather than comprehension, accuracy, or safety.
Finally, the same two surgeons developed the questions and refer-
ence answers and rated the responses; although responses were
coded, randomized, and assessed blind to the generating platform,
and reference answers were derived directly from the guidance doc-
ument [19], this dual role may introduce evaluator-related bias,
and independent adjudication by an external panel would
strengthen future studies.
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Future studies should incorporate repeated queries under identical
conditions and, where API access permits, controlled decoding parame-
ters, to characterize within-platform variability and temporal stability.
Larger, externally validated question sets, multicenter expert panels,
independently adjudicated reference answers, systematic source verifi-
cation, clinically consequential error analyses, and multimodal scenarios
incorporating imaging would strengthen rigor and generalizability. Pro-
spective studies are needed to determine whether supervised LLM use
improves clinician learning, efficiency, and patient communication
without increasing clinical error.
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