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Abstract
Background: Tibial plateau fractures are intra-articular injuries frequently associated with postoperative knee stiffness following open reduction and internal fixation (ORIF). This condition may lead to pain, restricted range of motion (ROM), muscle weakness, and impaired functional outcomes. Early structured physiotherapy is essential to minimize disability and optimize recovery.
Objective: To report the clinical outcomes of a multimodal physiotherapy program in a patient with knee stiffness following ORIF for a Schatzker type II tibial plateau fracture.
Methods:mThis case report was prepared in accordance with CARE guidelines. An 18-year-old female with post-ORIF tibial plateau fracture (right knee, Schatzker II) underwent six sessions of outpatient physiotherapy. Interventions included infrared therapy, proprioceptive neuromuscular facilitation (hold–relax), active exercise, quadriceps setting, and progressive early weight bearing. Outcomes were assessed using the Numeric Rating Scale (NRS), knee ROM (goniometer), Manual Muscle Testing (MMT), and International Knee Documentation Committee (IKDC) score.
Results: After six sessions, movement pain decreased from 6/10 to 3/10 (Δ = −3). Knee flexion ROM improved from 50° to 85° (Δ = +35°), while passive ROM increased from 80° to 105° (Δ = +25°). Quadriceps strength improved from MMT grade 3+ to 4. IKDC score increased from 25% to 38% (Δ = +13%). These changes indicate clinically meaningful improvements in pain, mobility, and functional performance.
Conclusion: Multimodal physiotherapy was associated with improvements in pain, ROM, muscle strength, and knee function in the early postoperative phase following ORIF tibial plateau fracture. However, findings should be interpreted cautiously due to the single-case design.
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Introduction
Tibial plateau fractures are intra-articular injuries involving the proximal tibia that disrupt joint congruity and compromise knee stability and function. These fractures account for approximately 1% of all fractures in adults and are commonly associated with high-energy trauma or axial loading mechanisms.1 Such injuries frequently result in significant impairment of the musculoskeletal system, leading to limitations in mobility, reduced functional capacity, and decreased quality of life.2
The Schatzker classification system is widely used to categorize tibial plateau fractures based on fracture morphology. Schatzker type II fractures are characterized by a lateral split fracture combined with articular depression, reflecting both structural disruption and joint surface incongruity.3 Surgical management, particularly open reduction and internal fixation (ORIF), remains the most commonly employed intervention to restore joint alignment, maintain limb stability, and facilitate early mobilization.4 Despite advances in surgical techniques, postoperative complications remain prevalent, with knee stiffness being one of the most frequently reported adverse outcomes.5
Knee stiffness following ORIF is a clinically significant complication that may persist in up to 20% of patients within the first year after surgery.6 It is typically manifested as restricted joint motion, often involving flexion contracture greater than 5°, and may result from intra-articular adhesions, capsular fibrosis, and periarticular soft tissue changes.7 These structural alterations contribute to persistent pain, muscle weakness, and impaired functional performance, ultimately limiting patients’ ability to perform activities of daily living.7
Physiotherapy plays a critical role in the postoperative rehabilitation of tibial plateau fractures. Early and structured rehabilitation aims to reduce pain, prevent joint stiffness, restore range of motion (ROM), improve muscle strength, and enhance functional recovery.8 Evidence suggests that targeted physiotherapy interventions, including therapeutic exercise and progressive loading, can significantly improve clinical outcomes following ORIF. However, variability in rehabilitation protocols and limited standardization of multimodal approaches remain ongoing challenges in clinical practice.9
Recent studies have highlighted the potential benefits of combining multiple physiotherapy modalities, such as thermal therapy, proprioceptive neuromuscular facilitation (PNF), and progressive strengthening exercises, to optimize recovery after knee injuries.10 These approaches are believed to act synergistically by addressing pain modulation, neuromuscular activation, and joint mobility simultaneously. Nevertheless, most available evidence is derived from heterogeneous populations or controlled trials, with limited detailed reporting of individualized rehabilitation strategies in early postoperative cases.
However, evidence on structured multimodal physiotherapy in early post-ORIF knee stiffness remains limited, particularly in detailed case-based clinical settings that reflect real-world physiotherapy practice. This gap highlights the need for clinically rich case reports that document intervention strategies, progression, and outcome trajectories using standardized measures.
Therefore, this case report aims to describe the clinical outcomes of a structured multimodal physiotherapy program in a patient with knee stiffness following ORIF for a Schatzker type II tibial plateau fracture, with emphasis on changes in pain, range of motion, muscle strength, and functional performance.

Methods
This study was designed as a clinical case report describing the physiotherapy management of a patient with knee stiffness following open reduction and internal fixation (ORIF) for a tibial plateau fracture. The report was prepared in accordance with the CARE (CAse REport) guidelines to ensure transparency, completeness, and clinical relevance in reporting.
The patient was an 18-year-old female diagnosed with a right tibial plateau fracture (Schatzker type II) who underwent ORIF with plate and screw fixation on September 6, 2025. The patient initiated outpatient physiotherapy approximately four weeks postoperatively at Dr. Harjono Regional General Hospital, Ponorogo, Indonesia. Prior to intervention, the patient reported pain during movement, limited knee flexion, and difficulty performing functional activities. She ambulated with bilateral crutches under a non–weight-bearing condition. No significant comorbidities, previous knee injuries, or systemic musculoskeletal disorders were reported. The absence of additional risk factors such as obesity, neurological impairment, or inflammatory joint disease was confirmed based on clinical interview and medical records.
Baseline clinical evaluation was conducted before the first physiotherapy session. Pain intensity was assessed using the Numeric Rating Scale (NRS), a valid and reliable tool for measuring subjective pain perception in musculoskeletal conditions. Knee range of motion (ROM) was measured using a standard goniometer, which demonstrates high intra- and inter-rater reliability for joint angle assessment. Muscle strength was evaluated using Manual Muscle Testing (MMT), a widely accepted clinical method with established validity for assessing muscle performance. Functional status was measured using the International Knee Documentation Committee (IKDC) subjective knee form, a validated instrument for assessing symptoms, function, and sports activity in knee disorders.
Clinical findings at baseline indicated localized tenderness on the medial aspect of the right knee, pain during knee flexion, restricted active ROM (50° flexion), and reduced quadriceps strength (MMT grade 3+). The patient also demonstrated low functional status with an IKDC score of 25%, indicating substantial limitation in daily activities.
The physiotherapy intervention program was individually tailored based on clinical findings and implemented over six sessions, conducted twice weekly. The intervention consisted of a multimodal approach combining infrared therapy, proprioceptive neuromuscular facilitation (PNF) using the hold–relax technique, active exercise, quadriceps setting, and progressive early weight bearing. Infrared therapy was applied at a distance of 45–60 cm for 15 minutes to the anterior knee region to promote local circulation, reduce muscle stiffness, and facilitate tissue relaxation.
PNF hold–relax techniques were applied to improve knee flexion ROM through isometric contraction of the target muscle group followed by relaxation and passive stretching. The intervention was performed with light to moderate intensity, consisting of 8 repetitions per set for 5 sets, adjusted according to patient tolerance. Active exercises and quadriceps setting were prescribed to enhance neuromuscular activation and improve muscle strength, particularly in the quadriceps muscle group, which plays a critical role in knee stability. Each exercise session consisted of 8 repetitions for 5 sets with progressive intensity based on patient response.
Early weight bearing was introduced progressively starting from the third session at approximately 10% of body weight, with gradual increases based on pain tolerance, joint stability, and functional performance. Clinical decision-making for progression was guided by the absence of increased pain, improved ROM, and the patient’s ability to maintain proper movement patterns during exercises. This individualized progression aimed to optimize functional recovery while minimizing the risk of mechanical complications.
To enhance reproducibility, all interventions were delivered by a licensed physiotherapist using standardized clinical procedures. Measurement bias was minimized by using consistent assessment tools and conducting evaluations under similar conditions across sessions. Observer bias was reduced by maintaining the same examiner for all outcome measurements.
Outcome evaluations were conducted at baseline (T0) and after each physiotherapy session until the sixth session (T6). Data analysis was performed descriptively by comparing changes in outcome measures over time, including absolute differences (Δ) in pain scores, ROM, muscle strength, and IKDC percentage scores. Statistical software was not applied due to the single-case design; however, clinically meaningful changes were interpreted based on established clinical benchmarks in rehabilitation practice.
Ethical approval for this study was obtained from the Health Research Ethics Committee of Dr. Harjono Regional General Hospital, Ponorogo (Approval No. 0054213502121182025102300003). Written informed consent was obtained from the patient prior to data collection and publication. All personal identifiers were removed to ensure patient confidentiality and compliance with ethical research standards.

Results
Outcome measures were evaluated at baseline (T0) and after each physiotherapy session up to the sixth session (T6). Overall, the patient demonstrated progressive improvements in pain intensity, knee range of motion (ROM), muscle strength, and functional performance over the course of the intervention.
Pain intensity assessed using the Numeric Rating Scale (NRS) showed a consistent reduction across sessions. At baseline, the patient reported no pain at rest (0/10), moderate pain during movement (6/10), and mild pain on palpation (3/10). By the sixth session, pain during movement decreased to 3/10 (Δ = −3), and tenderness decreased to 1/10 (Δ = −2), indicating a clinically meaningful reduction in symptoms. No increase in resting pain was observed throughout the intervention period.

Table 1. Changes in Pain Intensity (NRS) Across Sessions
	Measurement Type
	T0
	T1
	T2
	T3
	T4
	T5
	T6
	Δ (T0–T6)

	Resting pain
	0
	0
	0
	0
	0
	0
	0
	0

	Palpation pain
	3
	3
	3
	2
	2
	2
	1
	−2

	Movement pain
	6
	6
	5
	5
	4
	4
	3
	−3


A progressive increase in knee ROM was observed throughout the intervention period. Improvements were more pronounced in active ROM, particularly in knee flexion. Active knee flexion increased from 50° at baseline to 85° at T6 (Δ = +35°), while passive flexion improved from 80° to 105° (Δ = +25°). These findings suggest substantial recovery of joint mobility, with a 35° improvement in active flexion considered clinically meaningful for functional activities such as sitting and walking.


Table 2. Changes in Knee Range of Motion (Degrees) Across Sessions
	Time Point
	Active ROM (Flexion)
	Passive ROM (Flexion)

	T0
	50°
	80°

	T1
	55°
	85°

	T2
	60°
	85°

	T3
	65°
	90°

	T4
	75°
	100°

	T5
	80°
	105°

	T6
	85°
	105°

	Δ (T0–T6)
	+35°
	+25°


Muscle strength assessment using Manual Muscle Testing (MMT) demonstrated improvement in knee extensor strength, while flexor strength remained unchanged. Knee extension strength increased from grade 3+ at baseline to grade 4 at T6, indicating improved ability to move against moderate resistance. In contrast, knee flexion strength remained at grade 3− throughout the intervention period, suggesting limited recovery in the hamstring muscle group.

Table 3. Changes in Muscle Strength (MMT) Across Sessions
	Time Point
	Knee Flexion
	Knee Extension

	T0
	3−
	3+

	T1
	3−
	3+

	T2
	3−
	3+

	T3
	3−
	4

	T4
	3−
	4

	T5
	3−
	4

	T6
	3−
	4


Note: MMT grade 3+ indicates the ability to move against gravity with minimal resistance, while grade 4 indicates movement against moderate resistance.
Functional outcomes assessed using the International Knee Documentation Committee (IKDC) score showed a meaningful improvement over the intervention period. The IKDC score increased from 25% at baseline to 38% at T6 (Δ = +13%), reflecting enhanced functional capacity in daily activities. Although the improvement did not reach normal functional levels, the observed change indicates positive progression during early rehabilitation.

Table 4. Changes in Functional Outcome (IKDC Score)
	Time Point
	IKDC Score (%)

	Session 1
	25%

	Session 6
	38%

	Δ
	+13%


Taken together, the results demonstrate a consistent trend of clinical improvement across multiple outcome domains. Pain reduction was accompanied by increased ROM and improved quadriceps strength, which collectively contributed to enhanced functional performance. However, the absence of improvement in knee flexor strength suggests a differential recovery pattern between muscle groups, highlighting the need for targeted intervention strategies in future rehabilitation programs.

Discussion
This case report demonstrated that a structured multimodal physiotherapy program was associated with improvements in pain, knee range of motion (ROM), quadriceps muscle strength, and functional outcomes in the early postoperative phase following ORIF for a Schatzker type II tibial plateau fracture. The observed changes, including a 35° increase in active knee flexion, a 3-point reduction in movement pain, and a 13% improvement in IKDC score, suggest clinically meaningful recovery during a relatively short rehabilitation period.
Pain reduction observed in this case may be attributed to the combined effects of infrared therapy and therapeutic exercise. Infrared therapy is known to enhance local blood circulation, increase tissue temperature, and promote muscle relaxation, thereby reducing nociceptive input and muscle spasm.11 These physiological effects likely facilitated greater tolerance to movement and exercise progression. In addition, active exercise and early mobilization contribute to pain modulation through improved joint lubrication, reduction of edema, and normalization of neuromuscular function.12 The integration of passive thermal modalities with active rehabilitation may therefore produce synergistic effects in reducing pain during the early stages of recovery.
The substantial improvement in knee ROM, particularly the 35° increase in active flexion, reflects the effectiveness of combining proprioceptive neuromuscular facilitation (PNF) with progressive exercise. The hold–relax technique is designed to induce autogenic inhibition through isometric contraction followed by muscle relaxation, allowing increased extensibility of shortened periarticular structures.13 Previous studies have reported that PNF techniques can significantly improve joint mobility, reduce stiffness, and enhance functional outcomes in patients with knee injuries and postoperative conditions.10 The magnitude of improvement observed in this case is consistent with findings from recent systematic reviews, which highlight the role of neuromuscular techniques in restoring joint mobility.10
Improvement in quadriceps muscle strength, as indicated by the increase from MMT grade 3+ to 4, is clinically important given the central role of the quadriceps in knee stabilization and functional activities such as walking and stair negotiation. Quadriceps activation through isometric exercises, such as quadriceps setting, is particularly beneficial in the early postoperative phase, as it minimizes joint stress while promoting neuromuscular recruitment.14 Strengthening of the quadriceps has been shown to improve knee joint biomechanics and reduce compensatory movement patterns during gait following tibial plateau fractures.15
However, an important finding in this case is the absence of improvement in knee flexor muscle strength, which remained at MMT grade 3− throughout the intervention. This differential recovery pattern may be explained by several factors. First, the rehabilitation program primarily emphasized quadriceps activation and knee extension control, potentially leading to under-stimulation of the hamstring muscle group. Second, protective movement patterns and pain-related inhibition may have limited effective activation of the knee flexors. Third, early weight-bearing progression tends to preferentially engage extensor mechanisms, further contributing to the imbalance in muscle recovery. This finding highlights the importance of incorporating more targeted interventions for hamstring strengthening in future rehabilitation protocols to achieve balanced muscle function.
The introduction of early weight bearing in this case was well tolerated and contributed to functional improvement without adverse effects. Early weight bearing has been increasingly recognized as a safe and effective strategy following ORIF for tibial plateau fractures when fixation stability is adequate.16 Evidence suggests that progressive loading does not increase the risk of implant failure or loss of reduction, while promoting proprioceptive input, joint stability, and functional recovery.16 The clinical decision to initiate weight bearing at approximately 10% of body weight and progress based on patient tolerance reflects an individualized and evidence-informed approach to rehabilitation.
The overall improvement in IKDC score (+13%) indicates enhanced functional capacity, although the patient had not yet achieved optimal functional recovery. This is consistent with previous findings that functional improvements often lag behind gains in pain reduction and ROM, particularly in the early postoperative phase.17 Functional recovery is influenced not only by physical factors but also by patient adherence, psychological readiness, and gradual reintegration into daily activities.
From a clinical perspective, this case highlights the importance of a multimodal and individualized rehabilitation approach. The combination of thermal modalities, neuromuscular techniques, strengthening exercises, and progressive loading appears to address multiple dimensions of recovery, including pain, mobility, and function. The clinical reasoning underlying this approach involves early pain control to facilitate movement, followed by progressive loading and neuromuscular re-education to restore functional capacity. Such an approach aligns with current rehabilitation principles emphasizing early mobilization and task-specific training.
Despite these positive findings, several limitations must be acknowledged. First, this report is based on a single case, limiting the generalizability of the results. Second, the absence of a control condition makes it difficult to isolate the effects of the intervention from natural postoperative recovery. Third, potential sources of bias, including measurement bias and observer bias, cannot be entirely excluded despite efforts to standardize assessment procedures. Fourth, the relatively short duration of follow-up does not allow evaluation of long-term outcomes or sustainability of improvements.
Future research should include larger sample sizes, controlled study designs, and longer follow-up periods to better evaluate the effectiveness of multimodal physiotherapy interventions in patients with tibial plateau fractures. Additionally, further investigation is needed to determine optimal exercise combinations and progression strategies, particularly for addressing muscle imbalances such as limited hamstring recovery.

Conclusion
This case report demonstrates that a structured multimodal physiotherapy program was associated with improvements in pain, knee range of motion, quadriceps muscle strength, and functional outcomes in a patient with knee stiffness following ORIF for a Schatzker type II tibial plateau fracture. Clinically meaningful changes were observed within six sessions, particularly in pain reduction and knee flexion mobility.
The integration of infrared therapy, proprioceptive neuromuscular facilitation, active exercise, quadriceps strengthening, and progressive early weight bearing appears to support early functional recovery by addressing multiple domains of impairment. However, the absence of improvement in knee flexor strength highlights the need for more targeted muscle-specific interventions in future rehabilitation programs.
Given the single-case design, the findings should be interpreted with caution and cannot be generalized. Further studies with larger sample sizes, controlled designs, and longer follow-up periods are required to confirm the effectiveness and optimize the application of multimodal physiotherapy in this population.
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