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Abstract

Background—By understanding the global inflammatory effects on distant myopathies, 

surgeons can better guide the rehabilitative process for burn patients. The authors tested the 

systemic effect of burn injury on distant injured muscle and native bone using 

immunohistochemistry and validated a new morphometric analytic modality to reproducibly 

quantify muscle atrophy using computed tomographic imaging.

Methods—In vivo studies were performed on C57/BL6 mice using an Achilles tenotomy with 

concurrent burn injury model. Total muscle and bone (tibia and fibula) volume/density were 

quantified near the site of Achilles tenotomy using micro–computed tomography at 5, 7, and 9 to 

12 weeks after surgery. The impact of burn injury on the inflammatory cascade [nuclear factor 

(NF)-κB, p-NF-κB] and the interconnected protein catabolism signaling pathway (Atrogin-1) was 

assessed by immunohistochemistry.

Results—Muscle volume and density at the site of Achilles tenotomy in burned mice were 

significantly diminished compared with nonburned mice at 5 weeks and 9 to 12 weeks. Similar 

decreases in muscle volume and density were observed when comparing tenotomy to no tenotomy. 

Cortical bone health remained stable in burn/tenotomy mice compared with tenotomy. Muscle 

atrophy was associated with up-regulation of p-NF-κB, NF-κB, and Atrogin-1 assessed by 

immunohistochemistry.

Conclusions—Burn injury significantly decreases muscle volume and density. Increased muscle 

atrophy using our computed tomographic morphometric analysis correlated with a significant 

increase in intramuscular inflammatory markers and proteolysis enzymes. This study demonstrates 

a unique characterization of how burn injuries may worsen local myopathy. Moreover, it provides 

a novel approach for quantifying muscle atrophy over an expanded period.

Trauma and soft-tissue injury play a significant role in the management of burn patients. 

Severe burns lead to a sustained hypermetabolic state contributing to a systemic response 
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involving the breakdown of both local and distant soft tissue.1 The breakdown of skeletal 

muscle leads to mass and functional deficits that may persist for months to years after the 

original burn insult, thereby impairing recovery.1,2 Muscle wasting is associated with 

increased risk of septic complications, poor wound healing, and reduced capacity for full 

rehabilitation after injury.3–5 Moreover, additional soft-tissue trauma (i.e., fractured bones, 

tendon damage, or muscle contusion) may further exacerbate the recovery process by 

impeding rehabilitation efforts. In general, the morbidity of burn patients is proportional to 

the magnitude of the catabolic response and associated with long-term patient outcomes.2,6 

Despite advancement in burn, dietary, and surgical protocols, an optimal method of 

inhibiting muscle atrophy, especially near secondary injuries, has not been demonstrated.

Muscle content and mass are maintained in a delicate balance between protein synthesis and 

breakdown. The activation of multiple atrophy-related genes, diminished muscle fiber size, 

and absence in up-regulation of protein synthesis enzymes suggest that proteolysis is driving 

muscle atrophy in the acute-phase postburn and soft-tissue injury.7 The Ub-proteasome 

pathway has been regarded as the major mechanism for inducing atrophy after burn and 

following stress-induced states. MAFbx/Atrogin-1 is a Ub-proteasome E3 ligase that is 

specific for skeletal and muscle tissue and directs the polyubiquitination of proteins to target 

them for proteolysis by the 26S proteasome.8–10 Atrogin-1 levels are up-regulated in various 

muscle wasting conditions, including sepsis, renal failure, diabetes, cancer, muscle 

unloading, and burn injury.11–16 Furthermore, transgenic mice with null alleles to Atrogin-1 

display resistance to muscle wasting in denervated mice, demonstrating the principal role 

proteasome signaling has in muscle atrophy.8

Trauma also induces muscle atrophy by immobilization-induced unloading. Recent studies 

using an Achilles tenotomy model demonstrate a significant increase in regional myopathy 

following initial trauma.17 Regulation of genes involved in the autophagy-lysosomal 

pathway were found to play a distinct role in muscle atrophy following trauma.17 

Autophagy-related signaling is dependent on FOXO3 transcription factor, which also 

stimulates transcription of Fbxo32/atrogin-1 and Trim63/Murf-1.2,18

Current methods of assessing muscle and bone atrophy states are often arduous, restrictive in 

the region being quantified, rely on histology, and do not allow for multiple measurements 

over various time points. We demonstrate a novel approach to measuring total muscle 

changes caused by burn and trauma using morphometric analysis to quantify both muscle 

and bone changes over various time points using micro–computed tomography.

Despite our increased understanding of the acute and reconstructive treatment of burn 

patients, there is a gap in the literature assessing the role of burn injury on distant tissues, 

including muscle and bone, after concomitant trauma. A significant number of patients being 

treated for burn wounds have secondary injuries involving both bones and soft tissue 

(tendons). By understanding the global inflammatory and remote catabolic effects of burn 

injury, surgeons can better guide the rehabilitative processes. In this article, we examine the 

combined effect of burn and tenotomy injury on local muscle and bone characteristics. More 

specifically, we compare changes in (1) muscle volume and composition and (2) bone 

composition and volume after tenotomy in mice with second-degree burn and those without 
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(sham/nonburn). We also present a novel morphometric tool that may help future studies 

quantify both muscle and bone changes. Furthermore, we assess the impact of burn injury on 

the inflammatory cascade [nuclear factor (NF)- κB, p-NF-κB) and the interconnected 

protein catabolism-signaling pathway (Atrogin-1) to understand the pathogenesis behind this 

myopathy.

MATERIALS AND METHODS

Animals

C57/BL6 mice from The Jackson Laboratory (Bar Harbor, Me.) were used for all 

experiments. Animal procedures were conducted under the guidelines provided by the Guide 
for the Use and Care of Laboratory Animals: Eighth Edition from the Institute for 

Laboratory Animal Research. We received approval by the Institutional Animal Care and 

Use Committee of the University of Michigan (PRO0001553).

Burn Injury and Tenotomy Procedure

To assess the systemic effects of burn on local myopathy, we used the modified burned 

mouse model as described previously19,20 Dorsal hair was removed using clippers under 

isoflurane anesthesia to expose approximately 30 percent of the total body surface area. The 

exposed dorsal skin was immersed in a water bath (60°C; n = 16) for 18 seconds to produce 

a partial-thickness dermal burn. The same procedure was performed on sham/nonburn 

animals, with the exception of the water bath being room temperature (30°C; n = 13). 

Buprenorphine (0.01 mg/kg) (Buprenex; Reckitt Benckiser Pharmaceuticals, Inc., 

Richmond, Va.) was administered every 12 hours for the initial 72 hours after burn injury.

All mice underwent an Achilles tenotomy at the tendon midpoint on the left leg after burn or 

sham/nonburn injury as described previously19 to represent a model of muscle unloading. 

Specifically, the Achilles tenotomy was performed using a 1-cm incision on the lateral 

aspect of the Achilles tendon with subsequent exposure of tendon from its origin to 

insertion. The Achilles tendon was divided at its midpoint and was left in discontinuity. The 

incision was then sutured closed. Mouse activity and posture were documented at 9 weeks 

after tenotomy in comparison with nontenotomy mice. (See Video, Supplemental Digital 

Content 1, which demonstrates a 9-week posttenotomy injury displaying posture and activity 

level. Video displays mouse walking on a moving treadmill. The measuring stick in the 

background was used to assess maximum height of mouse’s injured ankle, http://

links.lww.com/PRS/B427. See Video, Supplemental Digital Content 2, which demonstrates 

a nontenotomy mouse displaying posture and activity level. Video displays mouse walking 

on a moving treadmill. The measuring stick in the background was used to assess maximum 

height of the mouse’s injured ankle, http://links.lww.com/PRS/B428.) Activity was assessed 

using a treadmill exercise session on a flat treadmill at 8 m/minute. Total steps were counted 

during 1 minute of ambulation. Leg movement was also measured by assessing height of the 

injured leg during the swing phase or midstance of ambulation.
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Micro–Computed Tomography

Longitudinal micro-computed tomographic (GE eXplore Locus; GE Healthcare, Little 

Chalfont, United Kingdom) imaging was performed at multiple time points (5 weeks, 7 

weeks, and 9 to 12 weeks) to quantify extent of muscle atrophy and cortical bone changes 

(Fig. 1). A calibrated imaging protocol using variation in Hounsfield units was used to 

reconstruct muscle and bone parameters.21 Tibia and fibula fuse point was used as an 

anatomical landmark to measure 100 slices superior and 30 slices inferior as our region of 

interest (Fig. 2). Individual computed tomographic slices were splined to define both cortical 

bone and total muscle volume. Total muscle was quantified using the lowest threshold of 

bone as our upper exclusion and air as our lower exclusion value. Both total muscle volume 

(in cubic millimeters) and muscle density (in Hounsfield units) were measured. A similar 

region of interest and protocol was used to measure total cortical bone. Total bone volume, 

bone mineral density, and bone mineral content were quantified at each time point. A 

phantom with calibrated bone, water, and air density was used at the time of micro-

computed tomographic imaging of all for standardization.

Immunohistochemistry Staining

NF-κB (Santa Cruz Biotechnology, Santa Cruz, Calif.), p-NF-κB (Santa Cruz 

Biotechnology), and Atrogin-1 (ECM Biosciences, Versailles, Ky.) staining was performed 

on four slides each from the same region of interest as noted above in burn plus tenotomy 

and tenotomy alone (sham/ nonburn) mice. Paraffin was removed and rehydrated using 

xylenes and ethanol. Endogenous peroxidase activity was quenched with 3% hydrogen 

peroxide. Five percent goat serum in phosphate-buffered saline was used to block individual 

slides, which were incubated in a 1:100 dilution of primary antibody for 1 hour. The 

appropriate biotinylated secondary antibody was used in 1:300 dilution for 30 minutes 

(Vector Laboratories, Burlingame, Calif). The Vectastain ABC system (Vector Laboratories) 

was used according to the manufacturer’s instructions. Visualization was obtained with 

diaminobenzidine solution (Zymed Laboratories, South San Francisco, Calif). Microscopy 

was performed. Slides were visualized at 2× and 40× magnification; p-NF-κB-stained nuclei 

were quantified by 40× magnification using individuals who were blinded to treatment.

Statistical Analysis

Means and standard deviations were calculated from numerical data as presented in text and 

figures. Bar graphs represent the means, whereas error bars refer to standard error. Statistical 

analysis was performed using a two-tailed t test for significance. A value of p < 0.05 was 

considered statistically significant.

RESULTS

Burn and Tenotomy Injury Lead to Significant Muscle Atrophy and Decreased Density 
Measured by Micro–Computed Tomography

Prior studies have shown that burn injury and Achilles tenotomy lead to significant muscle 

atrophy.12,22 These studies used direct weight measurements to quantify the extent of 

atrophy, which involves killing the animal. We set out to demonstrate a novel approach to 
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measuring muscle volume and density that enables multiple measurements over a defined 

period. We confirmed previous results, demonstrating a significant decrease in muscle 

volume in both a burn (nontenotomy 9 to 12 week: burn versus sham, 155 mm3 versus 138 

mm3, p = 0.013) and Achilles tenotomy model (tenotomy versus nontenotomy: 5 weeks, 103 

mm3 versus 138 mm3, p = 0.0001; 7 weeks, 108 mm3 versus 145 mm3, p = 0.0000002; 9 to 

12 weeks, 142 mm3 versus 103 mm3, p = 0.0001) can be quantified using micro–computed 

tomographic analysis (Fig. 1, above). Interestingly, when assessing the global effect of burn 

injury on the nontenotomy leg, muscle volume was found to be only significantly impacted 

at the late time point (9 to 12 weeks, 163 mm3 versus 142 mm3, p = 0.01). Muscle density 

was significantly diminished in burn mice in both tenotomy and nontenotomy mice. 

However, tenotomy injury alone did not appear to have a significant impact on muscle 

density (Fig. 1, below).

Burn Injury Increases Muscle Atrophy and Decreases Muscle Density Near the Site of 
Tenotomy

We found a significant and sustained decrease in muscle volume at both early (5 week) (burn 

versus nonburn, 103 mm3 versus 117 mm3, p = 0.049) and late time points (9 to 12 weeks) 

(burn versus nonburn, 103 mm3 versus 117 mm3, p = 0.019) following burn plus tenotomy 

compared with tenotomy alone. Similarly, muscle density was significantly decreased at all 

time points (burn versus nonburn: 5 weeks, 34.9 HU versus 53.3 HU, p = 0.002; 7 weeks, 

40.8 HU versus 58.0 HU, p = 0.005; 9 to 12 weeks, 39.9 HU versus 59.6 HU, p = 0.002) in 

burn mice compared with nonburn mice near the tenotomy site (Fig. 1, above). Interestingly, 

tenotomy alone did not have a significant effect on muscle density. However, burn injury 

appears to be the major mediator of decreased muscle density in both tenotomy and 

nontenotomy legs. Our model suggests that burn injury has an additive effect on muscle 

unloading by inducing both muscle atrophy and density changes.

Burn plus Tenotomy Injury Has No Effect on Bone Volume, Bone Mineral Content, or Bone 
Mineral Density Near the Trauma Site

Studies assessing the impact of burn injury and muscle unloading have demonstrated a direct 

impact on bone metabolism. Contrary to these previous studies, tenotomy plus concomitant 

burn injury results in no significant decrease in bone volume, bone mineral content, or bone 

mineral density compared to tenotomy alone (Figs. 3 and 4). This, however, may be because 

the burn size differs in previous studies.23,24 When examining the effect of tenotomy, bone 

volume at 5 weeks (burn/tenotomy versus burn/nontenotomy, 5.65 mm3 versus 6.46 mm3, p 
= 0.01) and bone mineral content at 5 and 7 weeks (burn versus nonburn: 5 weeks, 5.35 mg 

versus 6.28 mg, p = 0.012; 7 weeks, 6.07 mg versus 7.26 mg, p = 0.019) were significantly 

decreased with burn injury (Fig. 3, above and center). In addition, bone mineral density was 

decreased in nonburn mice with tenotomy compared with nontenotomy at 5 weeks (sham/

tenotomy versus sham/nontenotomy, 947 mg/cc versus 974 mg/cc, p = 0.037) (Fig. 3, 

below).

Ambulation Pattern but Not Distance Is Altered by Tenotomy

Given the fact that our mice had a burn injury and tenotomy, we sought to assess whether the 

tenotomy injury altered mouse ambulation pattern and distance. Interestingly, we found that 
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mice with and without a tenotomy took the same number of steps per minute (Table 1) (see 
Videos, Supplemental Digital Content 1 and 2, http://links.lww.com/PRS/B427 and http://

links.lww.com/PRS/B428, respectively). When looking at their gait, however, the mice with 

the tenotomy had decreased height of their leg during the swing phase (midstance) of gait 

(Table 1) (see Videos, Supplemental Digital Content 1 and 2, http://links.lww.com/PRS/

B427 and http://links.lww.com/PRS/B428, respectively).

Burn plus Tenotomy Injury Is Associated with a Subsequent Rise in Intramuscular 
Inflammatory Signaling

To better understand the mechanism behind the significant increase in muscle atrophy 

observed following burn plus tenotomy injury, we examined the NF-κB inflammatory 

signaling cascade because of its link with both burn and muscle unloading atrophy.22,25,26 

Qualitative analysis demonstrated an increase in cytoplasmic staining of both NF-κB and p-

NF-κB in burn plus tenotomy versus tenotomy alone at 5 days after injury (Fig. 5, above and 

center). Similarly, relative quantitative analysis of p-NF-κB-stained nuclei demonstrated a 

significant increase in burn plus tenotomy mice at 5 days after injury compared with 

nonburn mice (p = 0.037) (Fig. 5, below). Interestingly, a sustained rise in both NF-κB and 

p-NF-κB is observed at 3 weeks following tenotomy in both burn and nonburn mice, 

suggesting that NF-κB signaling playing an important role in sustaining muscle atrophy 

after tenotomy. Qualitative observation shows NF-κB and p-NF-κB signaling to affect the 

posterior muscle compartment nearest the tenotomy injury. Similar results were seen in a 

burn atrophy model.12

Burn plus Tenotomy Injury Is Associated with Early Up-Regulation of the Ub-Proteasome 
Pathway

Ub-proteasome expression was examined because of its previously observed function in 

proteolysis following burn injury.12 We chose to primarily look at Atrogin-1 because of 

muscle ring finger 1 (MuRF1) mRNA levels being previously shown to return to control 

levels by 5 days after burn injury, suggesting that MuRF1 does not play a significant role in 

attenuating sustained muscle breakdown following injury.12 In concordance with prior 

studies, our results demonstrate a significant acute up-regulation in Atrogin-1 following burn 

plus tenotomy injury compared with tenotomy alone at 5 days following injury. This up-

regulation is observed primarily in the posterior compartment of hind limb with staining 

involving gastrocnemius, soleus, flexor hallucis, and peroneus longus. However, Atrogin-1 

appears to return to control levels at 3 weeks after injury (Fig. 6). Interestingly, Achilles 

tenotomy is not associated with up-regulation of Atrogin-1, suggesting that tenotomy-

induced atrophy stimulates greater NF-κB signaling.

DISCUSSION

Plastic surgeons play a crucial role in the acute and reconstructive treatment of burn and 

trauma patients. Surgical treatment often focuses on the direct injury of the burn on skin and 

soft tissues; however, severe burns and trauma precipitate a global inflammatory response, 

leading to both local and distant tissue changes.2,27 Loss of muscle and bone mass has 

significant clinical implications leading to diminished strength and reduced capacity for full 
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rehabilitation after injury.28 By understanding the global inflammatory effects on distant 

myopathies, surgeons can better guide the rehabilitative process for burn patients. We 

validated the systemic effect of burn injury on distant injured muscle and native bone using a 

novel morphometric analysis approach.

This study demonstrates a unique characterization of how burn injuries may worsen local 

myopathy. We used an Achilles tenotomy with concurrent burn injury model to simulate the 

effect of burn in trauma patients. Local muscle volume and density near the site of the 

Achilles tenotomy was significantly reduced in mice that underwent simultaneous burn 

compared with nonburn mice. The difference in muscle volume and density was quantified 

using micro–computed tomography. Differences in muscle volume were seen as early as 5 

weeks after injury and were sustained up to 12 weeks. Interestingly, changes observed in 

muscle characteristics vary by mechanism of injury. Burn injury leads to a significant 

decrease in muscle density compared with tenotomy alone, suggesting that burn injury is a 

major mediator of diminished muscle density. In addition, burn injury in the nontenotomy 

leg imparts a significant reduction in muscle volume at late time points. Finally, muscle 

unloading by tenotomy leads to significant muscle atrophy and overall decreased muscle 

volume.

As demonstrated in the current study, burn injury has systemic effects that markedly affect 

the expression of multiple genes that regulate protein metabolism and muscle mass. MuRF1 

and muscle atrophy F-box/Atrogin-1 have been shown to be significantly up-regulated in 

multiple models of skeletal muscle atrophy, including skeletal muscle denervation, 

immobilization, glucocorticoid treatment, sepsis, cancer, renal failure, and burn 

injury.8,16,22,29–32 In concordance with these works, Atrogin-1 was significantly up-

regulated at 5 days in our burn tenotomy model compared with tenotomy alone, and 

diminished significantly 3 weeks following injury.

Interestingly, the up-regulation of Atrogin-1 is visualized primarily in the posterior 

compartments of the tenotomized leg, with predominance toward the gastrocnemius, soleus, 

flexor hallucis, and peroneus longus. Prior research showed that burn-induced protein 

degradation is primarily detected in fast-twitch skeletal muscle (gastrocnemius) compared 

with slow-twitch (soleus).12,33,34 Our findings suggest a direct role for trauma (tenotomy) 

and concomitant burn injury in inducing local muscle expression of Atrogin-1 and 

subsequent muscle atrophy. Rates of proteolysis were not directly quantified in our study; 

however, we present qualitative and physiologic evidence for the important role of Atrogin-1 

in mediating burn-induced atrophy.

Burn injury produces a rapid and sustained elevation in circulating inflammatory mediators, 

including tumor necrosis factor (TNF)-α and interleukin-6.7,35,36 NF-κB has been linked to 

a systemic rise in TNF-α following burn injury.25,26 Similarly, NF-κB mediates protein loss 

induced by TNF-α in differentiated skeletal muscle myotubes, and is up-regulated in 

multiple models of atrophy, which include sepsis, burn, malignancy, and skeletal muscle 

unloading.22 Transgenic mice using knockout of the p105/p50 NF-κB1 gene demonstrated 

decreased muscle atrophy in NF-κB (−/−) mice compared with wild type.26 Our laboratory 

has also demonstrated that trauma induced by Achilles tenotomy produces local elevation in 
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NF-κB.19 Our present results demonstrate similar findings, with significantly increased 

expression of NF-κB and resultant activation and nuclear translocation of p-NF-κB in burn 

plus tenotomy mice compared with tenotomy alone. Furthermore, the activation of NF-κB is 

sustained in both burn plus tenotomy and tenotomy at 3 weeks following injury, suggesting 

the prominent role NF-κB signaling has in unloading atrophy. Activation of the NF-κB 

pathway has been previously shown to be sufficient to induce significant atrophy in isolated 

muscles.

The elevation in the inflammatory cascade mirrors the subsequent rise observed by 

Atrogin-1 following burn/tenotomy injury. Interestingly, previous research demonstrated that 

Atrogin-1 expression was not disturbed on NF-κB activation, suggesting that Atrogin-1 up-

regulation is not required for muscle atrophy.32,37 Consequently, a separate pathway for 

Atrogin-1 activation has been proposed through the activation of the p38 MAPK signaling 

cascade by TNF-α. Based on our findings, increased muscle atrophy observed in burn plus 

tenotomy appears to be mediated through a combined inflammatory and proteasome 

mechanism.

Elevated systemic inflammatory markers have also been shown to affect bone 

composition.38 Continuous TNF-α release has been shown to cause osteopenia, decrease 

bone volume, and reduce bone mechanical strength through induction of osteoblasts by 

receptor activator of NF-κB ligand.38,39 Burn injury in combination with muscle unloading 

was also found to negatively impact cortical bone health. Rats receiving a 40 percent total 

body surface area burn demonstrated decreased total bone volume, bone mineral density, and 

bone mineral content.23 Alternatively, mice receiving nonsevere burn injury (15 percent total 

body surface area) had no significant decrease in cortical bone parameters.24 Similarly, our 

results demonstrate no significant trend in the difference in bone volume, bone mineral 

content, and bone mineral density at the site of tenotomy in burn mice compared with 

nonburn mice. It would be interesting to note whether cortical bone fracture with 

concomitant burn injury would negatively impact native bone health. Further studies 

examining this hypothesis need to be examined.

The results in the present study show a sustained up-regulation in the inflammatory cascade 

and associated rise in proteasome pathway 5 days following burn plus tenotomy injury. Prior 

studies, as noted above, demonstrate a distinct separation in Atrogin-1 versus NF-κB 

signaling in promoting muscle atrophy.37 Based on our findings, dualpathway activation 

stemming from the burn plus tenotomy injury leads to an overall additive effect on muscle 

atrophy. Clinically, our results suggest that coupled pathway blockade may promote the 

greatest inhibition of muscle breakdown. Both in vitro and in vivo studies using various 

proteasome inhibitors, insulin-like growth factor-1, and glucocorticoid receptor antagonist 

significantly attenuated the accelerated proteolysis produced in burn and sepsis models 

through inhibition of Atrogin-1.12,34,40,41 Moreover, inhibition of NF-κB activation by 

eicosapentaenoic acid and antiinflammatory agents (ibuprofen and thalidomide) diminished 

weight loss among cancer and human immunodeficiency virus–infected patients.42–44 

Preclinical studies using curcumin in a sepsis rat model also attenuated muscle loss through 

NF-κB blockade.45
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This study has notable limitations. Most notably, we focus on a single burn/trauma model. In 

addition, although we observe changes in specific signaling cascades, we have not 

manipulated the system with inhibitors of this pathway, although these studies are underway. 

Furthermore, the size of our burn may not be large enough to elicit the changes in the bony 

skeleton seen in other studies.24

In light of our current results, burn injury appears to exacerbate muscle wasting observed in 

tenotomy-induced trauma. The ensuing atrophy appears to be mediated through a combined 

inflammatory and proteasome mechanism. Future studies examining the impact of various 

pharmaceuticals on muscle wasting conditions can use our methods reported here to assess 

bone and soft-tissue changes over large regions of interest and multiple time points. 

Furthermore, bone health appears to remain unchanged as a result of 30 percent total body 

surface area burn or tenotomy injury, suggesting no beneficial influence of bone-modulating 

medications.

CONCLUSIONS

Burn injury significantly decreases muscle volume and density in mice with burn injury and 

preserves native cortical bone. We present a novel methodology of assessing muscle and 

bone changes in an atrophy model over multiple time points. Muscle atrophy appears to be 

mediated through a combined inflammatory and proteasome mechanism. This study 

demonstrates a unique characterization of how burn injuries may worsen local myopathy. 

Based on our findings, potential inflammatory pathways may be targeted to decrease muscle 

atrophy at distant sites of secondary injury, thereby improving the rehabilitation process. 

Furthermore, early tendon repair in burn patients may promote sustained muscle 

composition and improved rehabilitation potential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Burn injury promotes muscular atrophy. Micro–computed tomographic imaging was used to 

quantify muscle volume (above) and muscle density (below) at 5-, 7-, and 9- to 12-week 

time points (*p < 0.05; **p < 0.01).
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Fig. 2. 
The defined three-dimensional region of interest overlaid in yellow dictates the boundaries 

of muscle used in micro-computed tomographic analysis for muscle volume and density.
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Fig. 3. 
Bone response remains stable despite tenotomy and/or burn insults. Micro–computed 

tomography was used to quantify bone volume (above), bone mineral content (center), and 

bone mineral density (below) at 5-, 7-, and 9- to 12-week time points (*p < 0.05; **p < 

0.01).
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Fig. 4. 
The yellow overlay in the left pane (left) delineates the region of interest that defined the 

borders of the section of analyzed bone. A representative section of analyzed bone is shown 

(right).
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Fig. 5. 
NF-κB and p-NF-κB indicate an elevated expression of p-NF-κB associated with burn 

status. Micrographs of NF-κB staining shown for burn and sham mice across 5-day and 3-

week time points at 2× and 40× magnification levels. Red hashed line indicates the plane of 

cross-section used in tissue samples (above). Scale bar = 200 µm. Micrographs of p-NF-κB 

staining shown for burn and sham mice across 5-day and 3-week time points at 2× and 40× 

magnification (center). Representative stained nuclei are indicated by black arrow. 

Representative nonstained nuclei are indicated by red arrow. Scale bar = 200 µm. 
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Quantification of nuclei of the gastrocnemius muscle from p-NF-κB slides at 40× are shown 

graphically for both burn and sham mice (below).
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Fig. 6. 
Atrogin-1 staining shows stark increases in cytoplasmic expression in early burn. 

Micrographs of Atrogin-1 staining shown for burn and sham mice across 5-day and 3-week 

time points at 2× and 40× magnification. Red hashed line indicates the plane of cross-section 

used in tissue samples. Scale bar = 200 µm.
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Table 1

Comparison of Posture and Activity Levels between Tenotomy and Nontenotomy Mice

Posture/Activity Measurements Tenotomy following Injury (9 wk) Nontenotomy

Frequency of steps taken by tenotomy leg in 1 min 135 126

Maximum height reached by ankle near site of Achilles tenotomy, cm 0.60 1.20
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