Mobility-Based Intraoperative Decision-Making in Reconstruction After Lateral Oral Tongue Resection: A Prospective Case Series

ABSTRACT
Background: Oral tongue squamous cell carcinoma (OTSCC) demands a reconstructive approach that prioritises functional recovery over geometric defect restoration. Traditional algorithms based on percentage of tongue resected or defect size may inadequately account for the single most important functional predictor: residual tongue mobility. This case series prospectively documents a mobility-first reconstructive philosophy applied over three consecutive years.
Methods: Twenty-nine consecutive patients undergoing lateral oral tongue resection for OTSCC at a single tertiary oncology unit were included. All were assessed intraoperatively for residual tongue mobility following resection. The choice between primary longitudinal closure and microvascular free flap reconstruction was determined by a defined, reproducible, on-table mobility test. All patients provided written informed consent. No validated scoring instruments were applied; the primary functional endpoint was clinical assessment of the three core domains — speech intelligibility, swallowing progression, and oral clearance — collectively termed the "3S" framework.
Results: Eleven patients (37.9%) achieved satisfactory 3S outcomes with primary longitudinal closure alone. Eighteen patients (62.1%) required microvascular reconstruction on account of floor-of-mouth resection (planned or margin-driven) or intraoperative tethering on trial closure. Of the reconstructed cohort, three patients received a radial forearm free flap (RFFF) and fifteen a thin anterolateral thigh (ALT) free flap. Flap survival was 100%. Two ALT donor sites developed superficial wound infections managed conservatively. No major donor-site morbidity was recorded. Functional recovery of 3S domains was achieved in all patients before discharge from the surgical unit.
Conclusion: This prospective case series suggests that a mobility-based intraoperative assessment may be a useful aid in reconstructive decision-making after lateral tongue resection. Primary closure was feasible in selected patients with preserved tongue mobility, while thin ALT free flap reconstruction provided acceptable early functional outcomes in patients with floor-of-mouth tethering or restricted mobility. These findings are clinically encouraging but should be interpreted cautiously given the small sample size, single-centre design, non-validated outcome assessment, and limited follow-up.
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1. INTRODUCTION
Oral tongue squamous cell carcinoma (OTSCC) is one of the most commonly encountered intraoral malignancies worldwide, with an incidence that continues to rise, particularly among tobacco and areca nut users in South and Southeast Asia. [1] Surgical resection remains the cornerstone of treatment, but the challenge extends well beyond oncologic clearance: the tongue is the principal organ of articulation, bolus formation, and oral hygiene, and even modest anatomical disruption can produce lasting deficits in speech, swallowing, and quality of life.
Contemporary reconstructive algorithms have traditionally categorised tongue defects by the proportion of tongue removed — recommending primary closure for resections under one-third, local or pedicled flaps for intermediate defects, and free tissue transfer for hemiglossectomy or greater. [2] While useful as a starting framework, this percentage-based approach has been repeatedly challenged by functional outcome studies demonstrating that the volume of tissue transferred is less predictive of recovery than the preservation of native tongue mobility, particularly at the tip. Classic data from McConnell et al. showed that primary closure, when it preserves a freely mobile tongue, can yield swallowing efficiency and speech intelligibility superior to flap reconstruction in matched patients. [3] More recent systematic reviews of free flap reconstruction confirm that outcomes are strongly modulated by flap bulk, inset design, and the degree of floor-of-mouth tethering — findings that converge on mobility as the key functional determinant. [4,5]
Recent literature has further challenged purely defect-size-based reconstructive algorithms. In a systematic review focused specifically on oral tongue cancer, Cortina et al. reported that smaller defects may achieve favourable functional outcomes without flap reconstruction, whereas larger defects are more likely to benefit from flap repair, with intermediate defects remaining less clearly defined (Cortina et al., 2023). Jamin et al. similarly observed that reconstruction after tongue and floor-of-mouth resection should be tailored to anticipated functional outcomes rather than determined solely by defect size (Jamin et al., 2024). More recently, Tundealao et al. showed that postoperative quality of life was generally better after less extensive glossectomy, reinforcing the value of function-preserving approaches in appropriately selected patients (Tundealao et al., 2025). Collectively, these studies support a more function-oriented view of tongue reconstruction in which the quality of residual mobility and the prevention of floor-of-mouth tethering may be more clinically relevant than defect dimensions alone. Nevertheless, a practical intraoperative method for applying these principles consistently in reconstructive decision-making has not yet been clearly established.
Despite this evidence, no standardised intraoperative decision framework based explicitly on mobility has been widely adopted. Surgeons continue to rely on preoperative imaging estimates of defect extent, or on individual experience, to make reconstruction decisions that are often irreversible once the flap team is committed. This paper presents a prospective institutional series of 29 consecutive lateral oral tongue resections managed according to a defined, reproducible, mobility-first reconstructive principle, and situates the outcomes within the framework of contemporary literature.

2. PATIENTS AND METHODS
2.1 Study Design
This is a prospective institutional case series of consecutive patients undergoing lateral oral tongue resection for OTSCC at the Department of Surgical Oncology, Fortis Hospital, Mohali, India, over a three-year period (2020–2023). Written informed consent was obtained from all patients preoperatively, encompassing both the oncologic resection and the possibility of microvascular reconstruction, as determined intraoperatively by the on-table mobility assessment.
2.2 Inclusion and Exclusion Criteria
All adult patients (≥18 years) with histologically confirmed lateral oral tongue SCC who underwent curative-intent resection were included. Patients with prior tongue surgery, previous ipsilateral neck dissection, unresectable disease, or distant metastases were excluded. Patients requiring total glossectomy were analysed separately and are not included in this series.
2.3 Operative Protocol and Decision Framework
All resections were performed under general anaesthesia with hypotensive technique. Oncologic resection — with the goal of ≥1 cm clear mucosal and deep margins — took absolute precedence over reconstructive considerations. Frozen-section analysis of representative margins was performed in all cases. When margin revision was required, the specimen and corresponding wound margins were re-excised before any reconstructive step.
Following resection and margin clearance, the surgeon performed a standardised on-table mobility assessment: the residual tongue was evaluated for (a) freedom of tip protrusion to the vermilion border, (b) full lateral excursion to the ipsilateral and contralateral dentition, and (c) absence of visible or palpable tethering to the floor of mouth. A trial primary closure was then performed with absorbable sutures. If all three mobility criteria were met on trial closure, longitudinal primary closure was confirmed. If any criterion was not met — most commonly due to floor-of-mouth resection or post-margin-revision tethering — the trial sutures were removed and microvascular free flap reconstruction was undertaken.
The reconstructive flap of choice evolved over the series: the radial forearm free flap (RFFF) was employed in the first three microvascular cases, after which the thin anterolateral thigh (ALT) free flap was adopted as the institutional default based on perceived donor-site morbidity differences. ALT flaps were thinned to approximately 5–8 mm by excising the deep layer of subcutaneous fat and were inset to bridge the floor-of-mouth defect, restoring pliable mucosal lining without adding excess bulk.
2.4 Outcome Assessment
Patients were assessed at discharge and at one- and three-month follow-up visits. Outcomes were evaluated clinically across the three 3S domains: speech intelligibility (assessed by conversational exchange with a trained speech therapist), swallowing progression (time to resume oral soft diet), and oral clearance (ability to sweep food residue from the buccal sulcus and dentition). Donor-site morbidity was recorded separately. No formal validated scoring instruments (e.g., MDADI, PSS-HN) were employed in this series; this is acknowledged as a limitation.
3. RESULTS
3.1 Patient Demographics
Twenty-nine patients (26 male, 3 female) with a median age of 54 years (range 38–72 years) were included. All patients were chronic tobacco users; eighteen reported combined tobacco chewing and smoking. All tumours arose from the lateral oral tongue. Tumour staging by AJCC 8th edition: T2 — 11 patients; T3 — 14 patients; T4a — 4 patients. All patients had clinically or pathologically node-positive disease managed by concurrent neck dissection.
3.2 Reconstructive Decisions and Outcomes
Eleven patients (37.9%) were managed by primary longitudinal closure following confirmation of satisfactory residual mobility on the intraoperative assessment. All eleven achieved early resumption of oral diet (median time to soft diet: 5 days, range 3–9 days) and demonstrated adequate speech intelligibility at one-month follow-up.
Eighteen patients (62.1%) required microvascular free flap reconstruction. The indication was primary floor-of-mouth resection due to tumour extent in eleven cases, and intraoperative margin revision extending to the floor of mouth with consequent tethering in seven cases. Of these eighteen, three received RFFF and fifteen received thin ALT free flap. Flap survival was 100% across the entire series. Two ALT donor sites developed superficial wound infections managed with wound care and oral antibiotics; no further intervention was required and both resolved fully. No RFFF donor site complications were recorded in the three cases. Functional 3S recovery was documented in all eighteen reconstructed patients before discharge, with speech and swallowing rehabilitation ongoing at the one-month mark.




Table 1. Summary of Reconstructive Choices and Outcomes — 29 Cases
	Parameter
	Primary Closure (n=11)
	RFFF (n=3)
	Thin ALT (n=15)

	Main Indication
	Intact FOM + no tethering on trial closure
	FOM resection / tethering (early experience)
	FOM resection / tethering (standard)

	Closure Type
	Longitudinal (vertical/oblique longitudinal)
	Free flap bridging
	Free flap bridging

	Flap Survival
	N/A
	100%
	100%

	Donor-site Complications
	N/A
	None
	2 superficial infections (conservative)

	Functional Endpoint (3S)
	3S preserved by maintained mobility
	3S restored by tethering prevention
	3S restored by tethering prevention

	Median Time to Soft Diet
	5 days (range 3–9)
	9 days (range 7–12)
	8 days (range 6–12)


 
FOM = floor of mouth; RFFF = radial forearm free flap; ALT = anterolateral thigh free flap; 3S = Speech, Swallowing, and Sweeping (oral clearance).
4. CASE ILLUSTRATION: THE INTRAOPERATIVE DECISION PIVOT
The following case illustrates the critical decision pivot that characterises the mobility-first framework and occurs in a subset of patients where preoperative planning anticipated primary closure but intraoperative findings necessitated conversion to free flap reconstruction.
A 55-year-old gentleman with a long history of chronic tobacco chewing presented with an endophytic, triangular lateral oral tongue lesion exceeding 4 cm in its greatest dimension. The superficial ulcer was laterally situated; preoperative MRI demonstrated deep extension toward the midline but did not clearly implicate the floor of mouth. Following multidisciplinary team discussion, the planned approach was wide local excision with primary closure. Preoperative counselling explicitly included the possibility of intraoperative conversion to microvascular reconstruction should the on-table mobility assessment indicate tethering.
Intraoperatively, mucosal and deep resection with adequate macroscopic margins was achieved; however, frozen-section analysis returned a close lateral margin, necessitating re-excision that extended into the floor of mouth. Trial longitudinal primary closure was performed, at which point clear tethering of the residual tongue to the floor of mouth was demonstrated: the tongue tip could not be protruded to the vermilion border and lateral excursion was restricted. The trial sutures were removed.
The operative conversion was consistent with the preoperative consent framework and was communicated to the patient’s family. Microvascular reconstruction was performed using a thin ALT free flap (approximately 6 mm deep following thinning) harvested from the right thigh. The flap was inset to bridge the floor-of-mouth defect and restore pliable mucosal continuity without restricting residual tongue excursion. The patient recovered uneventfully, regained adequate swallow and speech, and proceeded to adjuvant chemoradiation based on final histopathological risk stratification.
This case illustrates that in as many as 24% of our series (7 of 29 cases), the intraoperative finding of close or involved margins — and the consequent margin re-excision — was the proximate cause of the conversion to free flap reconstruction, a scenario that cannot be reliably predicted preoperatively. It underscores the importance of the on-table mobility test as a reproducible decision tool, and of obtaining preoperative consent for both approaches.
5. DISCUSSION
5.1 Mobility as the Central Functional Determinant
The principal finding of this series — that 37.9% of lateral oral tongue resections can be successfully managed by primary closure provided a standardised mobility test is passed — aligns with and extends the functional literature. The landmark data of McConnell et al. demonstrated superior swallowing efficiency and conversational intelligibility with primary closure in selected patients; our series operationalises this finding through a reproducible intraoperative protocol rather than retrospective case selection. [3] More recent comparative systematic reviews have confirmed that functional outcomes after tongue reconstruction depend less on the volume of tissue replaced and more on the preservation of residual tongue excursion and the prevention of scar contracture anchoring the tongue to the floor of mouth. [4,5]. Recent literature further supports the view that functional outcome after tongue resection is shaped not only by defect size, but also by the quality of residual tongue movement, defect configuration, and the way reconstruction restores oral cavity dynamics. In a systematic review focused specifically on oral tongue cancer, Cortina et al. found that the relationship between flap and non-flap reconstruction is closely linked to the extent of resection, with smaller defects often favouring non-flap approaches and larger defects more often benefiting from reconstruction (Cortina et al., 2023). Chepeha et al. similarly showed that quantitatively and functionally distinct glossectomy defect groups differ in speech, swallowing, and patient-reported dysphagia outcomes, suggesting that reconstructive decision-making should be guided by more than a simple percentage-based classification (Chepeha et al., 2023). In a prospective single-centre cohort of major glossectomy patients, Mitra et al. observed serial improvement in swallowing-related outcomes over time, although important quality-of-life deficits persisted, especially in social and functional well-being domains (Mitra et al., 2024). Heft Neal et al. further reported that oral cavity obliteration, measured objectively, correlated with speech intelligibility and swallowing outcomes after glossectomy reconstruction, reinforcing the importance of functional oral cavity restoration rather than volume replacement alone (Heft Neal et al., 2024). More recently, a systematic review and meta-analysis by Tundealao et al. found higher postoperative quality-of-life scores after partial/hemi-glossectomy than after more extensive resections, with subgroup analyses also favouring primary closure over flap reconstruction in selected cases (Tundealao et al., 2025). In addition, Wu et al. demonstrated that tumour fraction, resection volume fraction, and tongue volume restoration were quantitatively associated with speech and swallowing outcomes, highlighting the value of integrating functional assessment with objective volumetric measures when planning reconstruction (Wu et al., 2026).
5.2 The Floor-of-Mouth Tethering Threshold
In our series, floor-of-mouth resection — whether planned preoperatively or necessitated by intraoperative margin revision — was the single most common trigger for microvascular reconstruction (18/29 cases; 62.1%). This finding mirrors the reconstructive literature, where floor-of-mouth involvement is consistently identified as the anatomical factor that most reliably predicts the need for free tissue transfer. [6] The implication is that preoperative imaging must specifically interrogate floor-of-mouth extension, and patients with any radiological involvement should be consented for free flap reconstruction as the primary plan, rather than as a contingency.
5.3 Primary Closure Should Be the Default Attempt — Not a Compromise
A persistent misperception in tongue cancer surgery is that primary closure represents a "lesser" option — a concession made when the flap team is unavailable or when resources are limited. Our series contests this framing directly. When the on-table mobility test is passed, primary longitudinal closure consistently produced earlier resumption of oral diet (median 5 days versus 8–9 days for free flap cases) and avoided the additional four to six hours of operative time, the possibility of overnight ventilation, and the donor-site exposure inherent to any free flap. These are meaningful advantages that improve patient experience and reduce resource utilisation, without any sacrifice of functional outcome. This is consistent with prospective functional studies demonstrating that in appropriately selected patients, primary closure achieves superior early functional metrics compared with flap reconstruction. [3,7]
5.4 ALT Versus RFFF: Evidence and Institutional Experience
The choice between ALT and RFFF for tongue reconstruction remains debated in the literature. Lu et al. reported comparable functional outcomes between thin ALT and RFFF in a prospective series of hemiglossectomy defects, with ALT demonstrating advantages in donor-site aesthetics and sensory preservation. [6] Zhang et al. found broadly similar quality of life scores between the two flaps, with subgroup analysis favouring RFFF in patients requiring particularly thin coverage. [7] De Vicente et al. and Cai et al. demonstrated similar reconstructive efficacy in direct comparisons, with variable functional differences largely attributable to flap thickness and patient selection. [8,9]
In our institutional practice, the perception of greater donor-site morbidity with RFFF — particularly aesthetic deformity, sensory loss in the radial territory, and sacrifice of a forearm artery — led to the adoption of thin ALT as the standard. Our outcomes, including 100% flap survival and minimal donor-site morbidity, support this choice. The key technical principle with ALT in this context is aggressive thinning to approximately 5–8 mm: the goal is a pliable mucosal bridge, not a bulky tongue surrogate. This aligns with the concept that free flaps in tongue reconstruction function primarily to prevent tethering and restore mobile lining, not to replace tongue volume. [4,10]
5.5 Tip Preservation as an Operative Principle
A corollary of the mobility-first framework is the explicit protection of the tongue tip whenever oncologically feasible. The tip is the primary articulatory contact point for a large proportion of consonants in most spoken languages; its mobility and native orientation are critical to intelligibility. The temptation to rotate the tip posteriorly to "complete" the tongue contour after a lateral resection must be resisted unless tip rotation is necessary to achieve adequate mucosal coverage. Our practice is to preserve and stabilise the tip in its anatomical orientation, accepting a less cosmetically symmetric result in favour of functional tip independence. Recent studies of tongue kinematics during speech have confirmed that tip mobility is the single strongest anatomical predictor of postoperative articulation. [11]
5.6 Innervated Flaps
Reinnervated free flaps — most commonly the RFFF with anastomosis of the lateral antebrachial cutaneous nerve to a lingual nerve branch — have been explored as a means of improving sensory recovery and reflex swallowing in tongue reconstruction. [12,13] Comparative data remain mixed: some series report improved two-point discrimination and earlier swallowing recovery; others show no clinically meaningful functional difference in medium-term follow-up. In our series, reinnervation was not performed; all ALT flaps were sensate only through non-specific cortical adaptation over time. This represents a potential area for future development in our unit but was not a determinant of the functional outcomes reported here.
6. LIMITATIONS
The limitations of this study should be acknowledged. First, this was a single-centre, single-surgeon prospective case series with a small sample size and no parallel control group; accordingly, the findings should be interpreted as hypothesis-generating rather than definitive, and their generalisability may be limited. Second, functional outcomes were assessed clinically using the authors’ pragmatic 3S framework rather than validated instruments for speech and swallowing, which introduces observer dependence and limits comparability with other published series. In addition, outcome assessment was not blinded, no independent assessor was used, and baseline preoperative functional measures were not systematically recorded, making the magnitude of postoperative change difficult to quantify. Third, the intraoperative mobility test, although clinically practical, was not externally validated and remains partly subjective in the absence of instrumental or inter-rater assessment. Fourth, the reconstructive strategy evolved during the study period, with early use of RFFF followed by adoption of thin ALT flaps; therefore, comparisons between flap types within this cohort should be interpreted with caution. Fifth, follow-up in this report was limited to three months, so later functional outcomes, especially those influenced by adjuvant radiotherapy or chemoradiotherapy, are not captured. Finally, the study focuses primarily on early reconstructive and functional outcomes and does not provide oncologic endpoints such as local control, disease-free survival, or overall survival. Future studies should incorporate validated functional scoring systems, baseline and longitudinal assessments, independent outcome evaluation, longer follow-up, oncologic outcome reporting, and prospective external validation of the mobility-based decision framework.
7. CONCLUSION
In this prospective single-centre case series of 29 consecutive patients undergoing lateral oral tongue resection, a mobility-based intraoperative assessment appeared to be a practical framework for guiding the choice between primary closure and free flap reconstruction. In this cohort, primary longitudinal closure was feasible in a subset of patients with preserved residual tongue mobility, while patients with floor-of-mouth tethering or mobility restriction were more likely to require microvascular reconstruction. Thin ALT free flap reconstruction was associated with favourable early functional recovery and low donor-site morbidity in the reconstructed group. These findings support the clinical relevance of residual tongue mobility as an important consideration in reconstructive decision-making after lateral tongue resection. However, given the small sample size, lack of a control group, use of non-validated functional assessments, and limited follow-up, the results should be interpreted with caution. Further prospective studies with standardised functional outcome measures, longer follow-up, and external validation are needed before broader recommendations can be made. 
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