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In all specialties other than cardiac surgery, treatment of fractures and osteotomies with rigid fixation is standard of care.1  In cardiac surgery, wire 
cerclage remains the primary method of sternal closure due to the perceived adequacy and low cost of wires. Recently, two Level 1 RCTs found:

Results of prior studies on rigid fixation have shown that SternaLock Blu patients achieved improved sternal healing which has been shown 
to reduce sternal complications and associated readmissions, reoperations, and costs while improving patient recovery, function, and quality 
of life.2,3 

Clinical evidence supporting benefits of emerging medical technologies compared to the standard of care is necessary. This study continues 
to build upon previous clinical research supporting rigid fixation of the sternum after sternotomy with an advanced sternal closure system. 
SternaLock 360 is the first device to combine rigid plate fixation with a cerclage band that can be used in patients with normal and poor bone 
quality, such as those with osteoporosis. In addition to plate and screw fixation, SternaLock 360’s wide cerclage band provides added stability 
around the circumference of the sternum creating a stronger construct than plate fixation alone in patients with poor bone quality.4

Introduction

Objective

The objective of the SternaLock 360 study was to evaluate 
sternal healing, sternal complications, and patient reported 
outcome  measures in patients with normal and poor bone quality 
undergoing elective cardiac surgery.5

Study Design

This prospective, randomized, single-blinded, single-center trial 
enrolled 50 patients undergoing elective cardiac surgery at the 
University of Cape Town, Cape Town, South Africa between July 2015 
and March 2017 (Figure 1). The study was sponsored by Zimmer 
Biomet and registered on clinicaltrials.gov (NCT02686099). 

Patients were randomized (1:1) at the time of sternal closure 
to receive closure with either  SternaLock 360 or wire cerclage.  

Patients randomized to SternaLock 360 received a total of three 
implants, one plate and band construct on the manubrium and two 
plate and band constructs on the  sternal body. Sternal closure with 
wire cerclage was pre-specified to require a minimum of 6 stainless 
steel wires per institutional/surgeon preference to allow for various 
wiring configurations. 

The primary outcome measure was assessment of sternal healing 
by CT scans. Secondary outcomes included complications, 
post-operative pain and analgesic usage, and patient function.  
Additionally, sternal bone quality was assessed intraoperatively. 

Compared to wire cerclage, SternaLock® Blu patients
undergoing elective cardiac surgery demonstrated:2,3

Compared to wire cerclage, SternaLock patients at high 
risk for sternal complications demonstrated:1

2.6X more patients healed at 3 months

Significantly fewer sternal complications

Nearly 3X more patients healed at 6 months

25% lower pain and narcotics use during hospitalization

Significantly improved patient recovery

Total cost savings over 90 and 180 days

Data, results, and conclusions presented here are limited in scope to patients enrolled in the study, individual results may vary.  Not all patients are 
candidates for this product and/or procedure and treatment is the sole discretion of the physician.  For a complete list of indications and risks associated 
with Zimmer Biomet’s rigid fixation system, see the product insert, 01-50-1585.
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Study Design

PROSPECTIVE, RANDOMIZED CONTROLLED TRIAL

Single Center

Elective Cardiac Surgery

50 Patients

Normal and Poor Bone Quality

INCLUSION EXCLUSION

•  ≥ 30 years

•  Median  
 Sternotomy

•  End Stage Renal Failure on Dialysis

•  Previous Sternotomy

•  Pre-operative Narcotics

•  Chronic Steroids

•  Biologics Acting as  
 Immunosuppressants

•  Active Infection

•  Emergent/Salvage Cardiac Activity

•  NYHA Class IV Heart Failure

Patients Blinded and Randomized at Time of Sternal Closure

SternaLock 360  26 Patients Wire Cerclage  24 Patients

Implant configuration pre-specified 
using 3 sternal plate and band implants

Manubrium:  
Box plate, trans-manubrium band

Third Intercostal:  
“X” plate, parasternal band

Fifth Intercostal:  
Box plate, parasternal band

Wiring configuration per Institutional 
preference using a minimum of 6 wires

FOLLOW-UP
Hospital Index Admission
Baseline & Postoperative

Post-discharge
1 month, 3 months, & 6 months

Primary Endpoint
Sternal healing via CT scan at a radiology core lab

 

Secondary Endpoints
Complications, post-operative pain and analgesic usage, and 
patient function

Figure 1. 50 patients with normal and poor bone quality undergoing elective cardiac surgery were randomized to sternal closure with SternaLock 360 
or wire cerclage and evaluated for sternal healing, sternal complications, patient reported outcome  measures over 6 months.
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Patient Demographics & Risk Factors for Sternal Complications

Table1. Patient demographics, sternal complication risk factors, and procedure variables showed strong similarities between patient groups. 
SternaLock 360 sternal closure time was  8.0 minutes longer than wire cerclage. 

Demographic data and intraoperative variables were recorded 
for all patients and are presented in Table 1. Patient groups were 
well matched with no significant differences in demographics or 
risk factors for sternal complications. Although this study enrolled 
patients undergoing elective cardiac surgery, many presented with 

known sternal complication risk factors. Intraoperative variables 
and surgical procedures were also similar between the SternaLock 
360 and wire cerclage treatment groups. Sternal closure time with 
SternaLock 360 was on average 8.0 minutes longer than wire cerclage 
(p<0.001). 

STERNALOCK  360 WIRE CERCLAGE P-VALUE

DEMOGRAPHICS

Mean Age (yrs) 58.7 ± 9.3 54.5 ± 10.8 0.2

Gender Distribution (Male) 18 (69.2%) 16 (66.7%) 1.0

Height (cm) 166.6 ± 8.6 168.2 ± 9.3 0.5

Weight (kg) 79.6 ± 16.1 83.4 ± 10.5 0.3

BMI 28.7 ± 5.7 29.6 ±4.3 0.5

Race (White) 5 (19.2%) 1 (4.2%) 0.2

Hypertension 17 (65.4%) 18 (75.0%) 0.5

Peripheral Artery Disease 1 (3.8%) 0 (0.0%) 1.0

Cerebrovascular Disease 2 (7.7%) 2 (8.3%) 1.0

RISK FACTORS FOR STERNAL COMPLICATIONS

Diabetes 8 (30.8%) 6 (25.0%) 0.8

BMI ≥ 33 6 (23.1%) 5 (20.8%) 1.0

Chronic Lung Disease 1 (3.8%) 0 (0.0%) 1.0

Current Tobacco Use 10 (38.5%) 15 (62.5%) 0.2

Renal Failure 1 (3.8%) 0 (0.0%) 1.0

BIMA 0 (0.0%) 1 (4.2%) 1.0

INTRAOPERATIVE VARIABLES

Isolated CABG 19 (73.1%) 20 (83.3%) 0.5

Isolated Valve 6 (23.1 %) 3 (12.5%) 0.5

CABG/Valve 1 (3.8%) 1 (4.2%) 1.0

Mean # Bypass Grafts 3.0 ± 1.0 3.0 ± 1.0 0.9

Operative Time (hrs) 4.3 ± 0.7 4.0 ± 0.9 0.3

Sternal Closure Time (min) 17.0 ± 5.6 9.3 ± 2.5 < 0.001
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SternaLock 360 is designed and cleared for use in patients with normal and poor bone quality, such as those with osteoporosis. While this study did not 
exclusively enroll patients with poor sternal bone quality, patients presenting with poor sternal bone were identified for additional analysis.

Sternal Compressibility Indicates Bone Quality

Figure 2. Patients with compressible sternal bone exhibited significantly lower radiodensity of the intramedullary region. 

Structural integrity of the sternal bone was assessed intraoperatively 
and correlated with sternal properties of preoperative CT scans. 
Linear discriminant analysis combined with receiver operating 
characteristic (ROC) curve analysis was used to evaluate relationships 
between intraoperative bone characteristics and radiographic bone 
properties. Analysis output is area under the ROC curve (AUC), where 
0.5 indicates no correlation and 1.0 is a perfect correlation. 

Characteristics attributed to poor bone quality evaluated include:
• Compressibility of the sternum to palpation
• Porosity of the trabecular network
• Thinness, brittleness, and structural nature of the cortical bone
• Overall stability of the sternal bone

Radiographic bone properties evaluated include:
• Cortical bone thickness
• Cortical bone radiodensity
• Intramedullary region radiodensity
• Sternal aspect ratio (anteroposterior length divided by  

lateral length)

The strongest relationship, AUC 0.87, existed between the
compressibility of the sternum to palpation and radiodensity of the
intramedullary region, an indicator of bone density and quality. In the
intramedullary region, patients with compressible bone exhibited
significantly lower Hounsfield unit scores (HU), a quantitative measure
of radiodensity (44.0 ± 34.4 HU vs 114.9 ± 51.1 HU, p<0.001, Figure 2).
Compressibility is an intuitive measure of the structural integrity of the
sternum that can be assessed with ease prior to sternal closure. Here, it
has been shown to correlate to the radiodensity of the intramedullary
region indicating that a patient with a compressible sternum also has
a sternum of poor bone quality. 

Conclusion

Sternal compressibility is an intraoperative measure that can indicate 
poor bone quality.

Methodology Results

Normal Bone QualityPoor Bone Quality
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Faster Healing for All Patients

Methodology

Three and 6 month CT scans were evaluated for sternal healing at a 
core radiographic laboratory according to a validated methodology 
using three independent radiologists.6 Five a priori anatomic locations 
were selected. Two independent radiologists then scored the slices 
for sternal healing on a 6-point scale ranging from nonunion (0) to 
complete synthesis (5). Bias was minimized by attempting to choose 
slices that did not reveal the method of sternal closure. 
Sternal healing outcomes included two measures, CT Score and Sternal 
Union Rate. CT Score is the average score across all five locations for 
each patient in each treatment group. Sternal Union Rate is reported 
as the percentage of each treatment group with sternal union, where 
sternal union is defined as a patient having an average healing score 
≥3 or mild synthesis.

Results

2.8x more patients healed with SternaLock 360 at 3 months

Figure 3 shows that, when considering all patients enrolled in the 
study, closure with SternaLock 360 resulted in faster healing compared 
to wire cerclage, as evidenced by:
• Significantly greater CT Scores and Sternal Union Rates at  

3 months
• Trend in greater CT Scores at 6 months with nearly entirety of 

patients exhibiting sternal union

Conclusion 

Patients receiving SternaLock 360 experienced faster and more 
complete healing.
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Faster Healing for All Patients

Figure 3. SternaLock 360 patients experienced significantly faster sternal healing when compared to wire cerclage patients. 
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SternaLock 360 in Poor Bone Quality
Improved Healing over Wire Cerclage

Methodology

To study the performance of SternaLock 360 in poor bone quality, 
sternal healing was evaluated for SternaLock 360 patients who were 
determined through intraoperative assessment to have a compressible 
sternum, an indicator of poor bone quality. Nine of 26 SternaLock 360 
patients (35%) were determined have a compressible sternum. CT 
Scores and Sternal Union Rates for those patients were compared 
to healing metrics for wire cerclage patients with poor bone quality 
(6/24, 25%).

Results

SternaLock 360 patients with poor bone quality demonstrated 
improved healing compared to wire cerclage patients with poor 
bone quality.

Although statistical tests are especially sensitive to small sample sizes, 
SternaLock 360 resulted in higher levels of bone healing and sternal 
union for patients with poor bone quality when compared to wire 
cerclage patients with poor bone quality, Figure 4. SternaLock 360 is 
designed and cleared for use in patients with poor bone quality, such 
as those with osteoporosis, and results show patients with poor bone 
quality achieve improved healing compared to wire cerclage:
• Greater CT Scores and Sternal Union Rates for SternaLock 360 

compared to wire cerclage in patients with poor bone quality 

Conclusion 

Patients with poor bone quality treated with SternaLock 360 healed better than wire cerclage patients with poor bone quality. 
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SternaLock 360 in Poor Bone Quality
Improved Healing over Wire Cerclage

Figure 4. SternaLock 360 patients with poor bone quality experienced improved sternal healing when compared to wire cerclage patients with 
poor bone quality.
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SternaLock 360 in Poor Bone Quality 
Equivalent Healing to Patients with Normal Bone

Methodology

To study the performance of SternaLock 360 in poor bone quality, 
sternal healing was evaluated for SternaLock 360 patients who were 
determined through intraoperative assessment to have a compressible 
sternum, an indicator of poor bone quality. Nine of 26 SternaLock 360 
patients (35%) were determined have a compressible sternum. CT 
Scores and Sternal Union Rates for those patients were compared to 
healing metrics for SternaLock 360 patients with normal bone quality 
(17/26, 65%).

Results

SternaLock 360 patients with poor bone quality healed as well as 
patients with normal bone quality.

SternaLock 360 resulted in high levels of bone healing and sternal 
union for patients with poor bone quality and normal bone, Figure 5.  

SternaLock 360 is designed and cleared for use in patients with poor 
bone quality, such as those with osteoporosis, and results show 
patients with poor bone quality achieve the same healing as patients 
with normal bone:
•  Similar CT Scores and Sternal Union Rates for patients with 

poor bone quality and normal bone
Consistent healing results demonstrate that SternaLock 360 can offer 
the same benefits of improved healing to patients with poor bone 
quality as those with normal bone. 

Conclusion 

Patients with poor bone quality treated with SternaLock 360 healed as 
well as patients with normal bone treated with SternaLock 360. 
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SternaLock 360 in Poor Bone Quality  
Equivalent Healing to Patients with Normal Bone

Figure 5. SternaLock 360 patients with poor bone quality experienced similar healing to SternaLock 360 patients with normal bone. 
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Reduced Sternal Pain

Figure 6. Ten-point numerical rating scale  for evaluating patient reported pain. 

Postoperative pain was evaluated using a 10-point numerical rating pain scale (NRS, Figure 6). Patients ranked their pain from 0 to 10, 
where 0 represented no pain and 10 represented the worst pain imaginable. Pain scores were recorded during hospital index admission and  
post-discharge at 1 month, 3 months, and 6 months. Mean pain scores and the percentage of patients who were pain free (those patients reporting scores 
of 0) were determined for each recording. 

Methodology

Results

• A greater proportion of SternaLock 360 patients consistently 
reported no sternal pain after coughing and at rest (Figure 7)

• Greater advantage early in recovery

Stability is important not only for bone healing, but also in reducing 
postoperative pain.  The increase in stability provided by SternaLock 
360 through a combination of a wide cerclage band with rigid plate 
fixation plays an important role in reducing postoperative sternal pain.

Conclusion

Sternal closure with SternaLock 360 resulted in more patients free of 
sternal pain.
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Reduced Sternal Pain

Figure 7. More SternaLock 360 patients reported being pain free after coughing and at rest.
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Healing Predicts Pain

Methodology

Logistic regression was used to determine if radiographic sternal 
healing and patient reported pain have a relationship. Sternal bone 
healing CT scores were correlated with the probability of being pain 
free after coughing at 3 months, where a patient reporting a pain score 
of 0 was classified as having “no pain,” and a patient with a score of 
1-10 was classified as having “pain.”  

Results

The probability of being pain free after coughing was significantly 
correlated with sternal healing (Figure 8). The odds of being pain free 
increased 2.3 times for each unit increase in CT scan score. 
• As healing improved from a score of 1 to a score of 5, the 

probability of being free of sternal pain after coughing 
increased from 44% to 95%

Healing is shown to be more than a radiographic finding and correlates 
to sternal pain, a clinical endpoint.  Stability provided by SternaLock 
360 improves healing compared to wire cerclage providing patients 
with a greater probability of being free of pain.

Figure 8. Patients treated with SternaLock 360 had higher CT scores and a greater probability of being pain free. 

Conclusion 

Faster healing with SternaLock 360 increases the probability of being pain free earlier in recovery. 
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Reduced Narcotic Usage 

Methodology

All narcotic pain medication administered postoperatively during 
hospital admission and narcotic medication taken for sternal pain 
through 6 months was recorded. Narcotic medications were converted 
to the morphine equivalence dosage in milligrams and tabulated as a 
cumulative average per patient at each data collection interval.   

Results

SternaLock 360 patients used less narcotic medication through the 
course of study follow up compared to wire cerclage patients, Figure 9. 
• 45% reduced narcotic usage in the first month post-discharge
• 60% reduced narcotic usage during follow-up
Stability plays an important role in promoting bone healing and 
reducing pain which ultimately influences narcotic usage. Improved 
healing and reduced sternal pain led SternaLock 360 patients to 
require less narcotic pain medication.

Figure 9. After cardiac surgery, SternaLock 360 patients used less narcotic pain medication. 
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Conclusion 

Patients treated with SternaLock 360 used less narcotic pain medication. 

PATIENT NARCOTIC USAGE
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Improved Upper Extremity Function

Patients rated their difficulty in performing upper extremity activities using a 5-point scale (0 to 4) where lower scores represent a greater level of 
difficulty in performing activities and higher scores signify the ability to complete activities with ease. Scores are reported as a sum of all 20 questions 
where 80 is the best possible score. 

Upper extremity function was assessed using the upper extremity functional index (UEFI), a 20 item questionnaire used for quantifying upper extremity 
function in patients with musculoskeletal conditions. The UEFI questionnaire evaluates whether patients experience difficulty when:  

Methodology

Figure 10. SternaLock 360 patients experienced less upper extremity function disability after sternotomy.

Lifting Performing normal activities of daily living Sleeping

Results

A change in UEFI of 9 points or greater is considered to be the 
minimum clinical difference that would have significant impact on 
patient function. Fewer SternaLock 360 patients experienced a clinical 
decrease in upper extremity function after cardiac surgery, Figure 10. 

• 5X more wire cerclage patients experienced a clinical decrease 
in upper extremity function after cardiac surgery

Patients that underwent sternal closure with SternaLock 360 
experienced less upper extremity function loss demonstrating that 
improved sternal stability results in faster patient recovery.  

26 PATIENTS

SternaLock  360 Wire Cerclage

24 PATIENTS                  P=0.09

Conclusion 

Fewer SternaLock 360 patients experienced a clinical decrease in upper extremity function. 

CLINICAL DECREASE IN FUNCTION: CHANGE OF 9 POINTS OR GREATER
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Complications

Figure 11. SternaLock 360 patients experienced fewer sternal complications compared to wire cerclage patients. 
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Conclusions

SternaLock 360 resulted in significantly faster healing for all
patients

SternaLock 360 patients experienced reduced sternal pain,
narcotics usage, and functional disability

In patients treated with SternaLock 360, patients with poor bone quality demonstrated equivalent healing to patients with normal bone

Methodology

Sternal complications were detailed and followed as they occurred 
over 6 months. Sternal complications were defined as any adverse 
event related to the method of sternal closure, including deep or 
superficial wound infections as defined by the STS.   

Results

All sternal complications that occurred in the study were superficial 
sternal wound infections (SSWI), Figure 11. Two wire cerclage 
patients presented with a SSWI within 30 days postop, one treated 
with antibiotics and the second requiring drainage and antibiotics. 
One SternaLock 360 patient presented with a SSWI at a time point 
greater than 30 days but less than 90 days postop requiring drainage 
and antibiotics. No sternal complications occurred beyond 90 days. 
Overall, complication rates were not significantly different between 
the two groups, however, incidence of SSWI was lower in SternaLock 
360 patients at 3.8% SternaLock 360 and 8.3% wire cerclage, p=0.6.  

Conclusion 

While not reaching significance, incidence of sternal complications was lower for SternaLock 360 patients compared to wire cerclage patients.
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