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In polytraumatized patients, muscle atrophy appears more pronounced than in immobilized healthy study participants. However, rates and trajectories of the acute muscle atrophy and associated parameters have not been reported. In a prospective longitudinal pilot study with 10 patients (Injury Severity Score (ISS) ≥16), hand grip strength and inflammatory blood parameters were assessed. Skeletal muscle thickness of the rectus femoris (RF), vastus lateralis (VL), and tibialis anterior (TA), and subcutaneous tissue thickness over these muscles were measured via ultrasound. Muscle oxygen saturation (SO2), relative haemoglobin content (rHb), blood flow (BF), and blood flow velocity (BFV) were captured by laser-Doppler and white-light spectroscopy. Three women and seven men were included (age 43.2 ± 22.5 years; height 176.4 ± 5.7 cm; body weight 83.0 ± 14.5 kg; ISS 24.5 ± 4.6 points). Hand grip strength increased (p < 0.001) at a rate of 0.85%/d. Muscle thickness decreased (p < 0.001) at rates of −0.47%/d (RF), −0.39%/d (VL), and −0.38%/d (TA); no difference in the rate of decline between muscles (p = 0.908). Recovery of VL thickness was observed between the third and fourth week (p = 0.016). There were no changes in subcutaneous tissue thickness. Muscle perfusion parameters SO2, rHb, BF and BFV showed high variability with significant time effects only in the rHb of the TA (p = 0.003). CRP and leukocyte count decreased (both p < 0.001). Unexpectedly, grip strength increased despite a reduction in muscle thickness, likely after decreasing compared with pre-injury. Possible reasons are discussed.
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1 INTRODUCTION
Polytraumatized patients are often bedridden for several weeks or even months due to their injuries. The sudden onset of immobilization, trauma and inflammation out of the patients’ regular daily life leads to muscle atrophy that is more pronounced in patients with trauma compared with immobilized healthy study participants of immobilization trials (Hardy et al., 2022). The additional inflammation caused by injury and illness leads to neuromuscular dysfunction by disturbing the neuromuscular interaction (Hermans and Van den Berghe, 2015). Trauma-related inflammation is characterized by an innate immune response as a reaction to shock, coagulopathy, hypothermia and soft tissue injury, that involves damage-associated and pathogen-associated molecular patterns (Pape et al., 2022). It includes proinflammatory mediators, i.e., tumour necrosis factor alpha, interleukin-1, and interleukin-6 (Hermans and Van den Berghe, 2015). More severely injured patients may experience a phenomenon called Intensive Care Unit Acquired Weakness (ICUAW), characterized by excessive muscle weakness and loss of physical function, including neuropathy and myopathy (Hermans and Van den Berghe, 2015; Chen and Huang, 2023). It is more frequent in patients with advanced age, female sex, and multiple organ failure (Fuentes-Aspe et al., 2024). This extensive muscle atrophy has been shown to be associated with poorer long-term results. For example, in severe trauma patients, the extent of the decrease in psoas area determined in computed tomography scans was strongly associated with poorer outcomes (Tazerout et al., 2022). In addition to these aspects, polytraumatized patients usually require medications such as pain killers and often sedation with additional effects on their overall performance, particularly in the initial period. Even though numerous clinical observational studies have been published that report the rates and trajectories of muscle atrophy in ICU patients in general (Hermans and Van den Berghe, 2015; Chen and Huang, 2023), to date no study has specifically dealt with polytraumatized patients. This patient group is usually younger and has less co-morbidities compared to other ICU patient groups. The authors were also interested in exploring, if polytraumatized patients could be used for their research instead of bed rest studies with healthy participants, that are a common analogue for spaceflight in space physiology and medicine (Pandiarajan and Hargens, 2020).
For polytraumatized patients, the rate and trajectory of the acute muscle atrophy and associated parameters have not yet been reported in a prospective longitudinal study. To obtain an overview of functional, morphometric, and physiological data, the following was hypothesized: 1. Declines in skeletal muscle strength and 2. Skeletal muscle thickness, 3. Increases in the thickness of the subcutaneous tissue layer, and 4. Due to the assumed relative increase in capillary density, increases in muscle oxygen saturation (SO2), relative haemoglobin content (rHb), blood flow (BF), and blood flow velocity (BFV).
2 MATERIALS AND METHODS
Ethical approval was obtained from the IRB of Saarland Medical Board (Ärztekammer des Saarlandes, application number 127/22). The study was registered in the German Clinical Trials Register (registration number DRKS00032012, registered 2 June 2023) and conducted according to the Declaration of Helsinki with written informed consent.
2.1 Patients
This longitudinal observational pilot study aimed to perform measurements in ten polytraumatized patients, as due to a lack of comparable human data in the literature, an a priori sample size calculation could not be conducted. Inclusion criteria were age 18 years and older, bone fracture with an Injury Severity Score (ISS) of 16 or more, written and verbal consent in the case of the capacity to consent, or otherwise consent by a legal guardian. The exclusion criteria were age younger than 18 years, an ISS under 16, or a lack of verbal and written informed consent. The ISS was assessed for each patient based on the Abbreviated Injury Scale (AIS) for the three most severely injured body regions (Baker et al., 1974; Greenspan et al., 1985).
2.2 Measurements
All measurements were conducted by the first author between April and July of 2023. Measurements were repeated every two to three days, if the current patient status allowed them, and if the measurements did not interfere with the clinical treatment. Hand grip strength was measured with a hand dynamometer (Kern MAP 130K1, Kern, Balingen, Germany). The patients, if awake, were asked to conduct three maximal voluntary contractions in supine position with a rest period in-between measurements and with the elbow bent at 90°. The highest of the three values was used for statistical analysis.
Muscle thickness and the thickness of the subcutaneous fat layer of the rectus femoris (RF), tibialis anterior (TA), and vastus lateralis (VL) muscles were measured by ultrasound (Mindray MX7, Shenzhen, China) with an L13-3Ns ultrasonic transducer (frequency 3.0 MHz–13.0 MHz) and analysed using ImageJ (National Institutes of Health, Bethesta, Maryland, United States, https://imagej.net/ij/). The ultrasound measurements of the RF were taken at 50% of a straight line between spina iliaca anterior superior and the centre of the knee cap, and the VL measurement was taken 10 cm lateral of that point. For the TA, measurements were performed between the middle and proximal third of a line between the bottom tip of the knee cap and the lateral malleolus.
Muscle perfusion was assessed with the device ‘Oxygen to see’ (O2C, LEA Medizintechnik, Giessen, Germany) in 14 mm depth. The device uses laser-Doppler flowmetry and white light spectroscopy to deliver the parameters SO2, rHb, BF, and BFV. Measurements were taken for the RF and TA in the same locations as the ultrasound measurements. Details on the device and its measurement principle can be found in a recent paper (Scholz et al., 2025). Three measurements were taken each, the second and third 2 cm proximal and distal of the first. The three values of each parameter were averaged for analysis.
The inflammatory blood markers C-reactive protein (CRP) and the leukocyte count were determined as clinical routine parameters and these values were used in this study.
2.3 Statistical analyses
All the statistical tests were conducted in IBM SPSS Statistics version 29 (IBM SPSS Statistics, Armonk, NY, United States). Significance was defined as p < 0.05. Linear mixed effect (LME) models were fitted to analyse time effects with time as a fixed effect and patient as a random effect; a Bonferroni adjustment was made for multiple comparisons. The LME analyses were conducted based on weekly time periods. Missing data were excluded from the analyses. R2 values as a measure of variance and relative change rates (in %/d) were determined by linear regression. In addition, for muscle thickness, a univariate ANOVA was used to determine differences in the decline rates between muscles. Previously, normal distribution was confirmed with the Kolmogorov-Smirnov test.
3 RESULTS
Three women and seven men were included (age 43.2 ± 22.5 years; height 176.4 ± 5.7 cm; body weight 83.0 ± 14.5 kg; Injury Severity Score 24.5 ± 4.6 points). Table 1 shows R2 and p values for all outcome parameters of each muscle. All significant findings of the pair-wise analyses with p values are indicated in Figure 1.
TABLE 1 | Variability and p values for each outcome parameter and each muscle.		RF	VL	TA
	Parameter	R2 value	P Value	R2 value	P Value	R2 value	P Value
	Muscle thickness	0.39	<0.001	0.36	<0.001	0.39	<0.001
	Subcutaneous tissue thickness	0.38	0.819	0.41	0.081	0.23	0.127
	SO2	0.05	0.593	n/a	n/a	0.21	0.105
	rHb	0.18	0.805	n/a	n/a	0.31	0.003
	BF	0.29	0.240	n/a	n/a	0.26	0.119
	BFV	0.35	0.153	n/a	n/a	0.31	0.487


Outcome parameters for the rectus femoris (RF), vastus lateralis (VL, if available) and tibialis anterior (TA) muscles. R2 is shown as a measure of variability. P values of the LME, model univariate tests are shown and are highlighted in bold, if significant. The ‘n/a’ indicates that the data were not collected.
[image: Graphs showing changes in various metrics over time after injury:A: Hand grip strength increases significantly over 35 days.B: M. rectus femoris thickness slightly decreases and stabilizes.C: M. vastus lateralis thickness decreases initially, slightly increases later.D: M. tibialis anterior thickness shows a declining trend.E: rHb m. tibialis anterior increases after an initial decrease.F: CRP levels and leukocyte count both decrease over time.]FIGURE 1 | Study findings. Relative longitudinal changes in (A) hand grip strength, and in the muscle thickness of (B) the RF, (C) the VL, (D) the TA, as well as in (E) the rHb of the TA, all normalized to the first value of each patient. In addition, (F) blood CRP and leukocyte count values are shown in absolute values to indicate the decrease in trauma-related systemic inflammation. Significant p values are shown from the LME-models pair-wise analyses.Hand grip strength increased significantly (p < 0.001; R2 = 0.43) at a growing rate (Figure 1A). On average, the increase in hand grip strength comprised 0.85%/d. Muscle thickness decreased significantly in all muscles at rates of −0.47%/d (RF), −0.39%/d (VL), and −0.38%/d (TA) (Figures 1B–D). The decline showed no significant differences in the rate of decline between the muscle groups (p = 0.908). After the initial decline, a significant increase in muscle thickness between the third and fourth week was observed for the VL (p = 0.016, Figure 1C), but not for the RF or the TA, which indicates an earlier recovery of the VL. There were no changes in the subcutaneous tissue thickness. The analysed muscle perfusion parameters SO2, rHb, BF and BFV showed a high variability with significant time effects only in the rHb of the TA (p = 0.003, Figure 1E). There were no significant changes in the RF perfusion data. The CRP blood value (p = 0.025) and the leukocyte count (p < 0.001) significantly decreased (Figure 1F).
4 DISCUSSION
This pilot study showed increasing hand grip strength, decreasing muscle thickness and unchanged subcutaneous tissue thickness. Muscle perfusion parameters had a high variability. Only an increase in rHb of the TA was significant. Blood inflammatory markers decreased.
Immobilization-induced skeletal muscle atrophy is characterized by decreases in myofiber cross-sectional area and a transition from slow to fast fibre types with increased hybrid fibre-type muscle cells, called a fibre-type shift (Blottner et al., 2014; Caiozzo et al., 1994; Widrick et al., 1999). The extent of the decline in fibre cross-sectional area depends on the fibre type, and its composition differs among skeletal muscles (Edgerton et al., 1995). Based on differences in fibre type composition, atrophy rates were highest in the triceps surae muscles (−11.2% after 28 days of immobilisation), followed by quadriceps (−9.2%), hamstrings (−6.5%), and foot dorsiflexors (−3.2%) (Hardy et al., 2022). The present results are in line with this; however, the difference in the rate of decline between these muscles was not significant, likely due to the low patient number. Muscle thickness decreased the fastest in the RF (−0.47%/d), followed by the VL (−0.39%/d), which are both quadriceps muscles, and less in the TA (−0.38%/d), a foot dorsiflexor. Throughout immobilisation, the rate of atrophy usually decreases (Hardy et al., 2022; Marusic et al., 2021). However, in this study, increasing activity led to VL recovery while a further decline was observed in the TA. Due to the low patient number, sex differences in the rate of decline in muscle thickness could not be addressed in this study. Nevertheless, this was not the aim of this study anyway. It is known that women in the ICU experience atrophy rates approximately three times higher than men (Wu et al., 2022). The methodology of using ultrasound measurements to quantify muscle thickness has certainly proven feasible in this study. Further methods exist and it is a matter of a debate in the current literature, which method is most appropriate for use in intensive care patients (Hernández-Socorro et al., 2021).
Increasing hand grip strength was an unexpected finding, as muscle atrophy is commonly associated with decreasing muscle strength. Losses in muscle strength usually exceed losses in muscle volume (Marusic et al., 2021; Wu et al., 2022; Hernández-Socorro et al., 2021; Kramer et al., 2021; Pišot et al., 2016). This finding may be explained by initial sedation, pain and pain medication, potential learning effects in repeated grip strength testing, and delayed neuromuscular recovery despite muscle wasting, as well as possibly by a weakness caused by impaired neuromuscular interaction due to inflammation (Hermans and Van den Berghe, 2015). Neuromuscular junction impairment and mitochondrial dysfunction are known causes of sarcopenia in ageing (Miao et al., 2024), however, in the present cohort, this impairment was only temporary. These acute effects likely led to a much lower initial muscle strength than before the injury, and the increase in muscle strength that was observed in this study would then reflect the recovery from these influences. This rebound has a greater effect than the immobilization-related reduction in strength, therefore resulting in a net increase.
The decrease in the cross-sectional area of muscle cells is usually associated with a relative increase in capillary density (Bosutti et al., 2015; Hendrickse et al., 2022). In addition, an intracellular nutrient overload rapidly leads to skeletal muscle insulin insensitivity and mitochondrial alterations, as well as to accumulation of lipotoxic ceramides and sphingomyelins (Eggelbusch et al., 2024). For these reasons, and as injury and surgery are associated with initial blood loss and effects of medications and inflammation, the authors expected increases in subcutaneous tissue thickness and muscle perfusion. This was, however, not the case. The increase found in the rHb of the TA muscle may be either due to the suspected increase in capillary density or due to an overall increase in Hb due to haematopoiesis following blood loss. An increase in capillary density with muscle atrophy could have led to increased muscle oxygenation and blood flow, but this was not the case either. The variation among patients and time points was very high and muscle perfusion measurements will likely only reveal greater effects in a large patient collective. Among the possible reasons for the high variation are effects of different treatments and injury patterns, varying fluid administration and intake, circulatory status, individual metabolic differences, and inflammatory responses to the injuries (Pape et al., 2022). The trajectories of the decreases in CRP and the leukocyte count are in line with the literature and reflect the typical trajectories after injury when no additional bacterial infection appears (Niggli et al., 2025). Indeed, the initial increase in CRP and the leucocyte count is rather rapid and followed by a maximum and a slower decrease.
With regard to the question whether physiological studies in polytraumatized patients could at least for some research questions replace bed rest studies with healthy participants, the answer is that the great variability and the unexpected increase in hand grip strength would likely make this difficult for most research questions. A large number of patients would be required. This indicates and underlines the importance of bed rest studies conducted with healthy participants for physiological research.
The main limitation of this pilot study is its small sample size. Therefore, the findings must be interpreted with caution. Another limitation is that the measurements were not conducted on the same days in all patients, which is an operational challenge and should be considered in future studies. In addition, a limitation of this study is that inter-rater reliability testing has not been performed for the ultrasound and perfusion measurements. In this study, all measurements were performed by the same person, but inter-rater reliability is certainly an important aspect that needs to be considered in future studies.
In conclusion, hand grip strength increased and muscle thickness decreased in this pilot trial of polytraumatized patients. Studies with more patients may lead to more clarity regarding changes in subcutaneous fat layer thickness and muscle perfusion parameters.
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