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RESUME AND SUMMARY OF DISCUSSION: In this resubmission of a Fast-Track STTR application, 
the investigators proposed to develop a calibrated insertion device that would inform the surgeon of the 
best press fit fixation short of fracture (BFSF) for cup insertion and improve the clinical outcomes for 
Total Hip Replacement (THR). The Study Section agreed that the proposal has clinical significance to 
avoid premature failures associated with improper fitting for the hip replacement. The Strengths of the 
application include that the expereinced PI and a well-respected team with the extensive knowledge of 
orthopedic surgery, mechanical engineers versed in bone and total hip arthroplasty including sufficient 
expertise to accomplish the proposed work; the innovative concept is through the delivery of controlled 
amounts of impact energy and the measurement of bone response; the sound developmental protocol 
provided the necessary data to construct the device and test its efficacy in vitro; and the well suited 
environment for the proposed work. During the discussion and in the written critiques, the reviewers 
raised the concerns including the lack of justified the importance of such a device clinically; the lack of 
peer reviewed preliminary results. The approach is appealing in theory, but unproven, and may not be 
realistic given the complexity of the bony structures and variation between patients. The different 
reviewers weight the concerns differently, Overall, the Study Section concluded that this is a good 
application with some weaknesses. 

DESCRIPTION (provided by applicant):  Currently, over 400,000 total hip replacement (THR) 
surgeries are performed in the US each year, the clear majority of them utilizing press fit fixation. 
Successful seating of the implant requires a delicate balance between seating the implants deep 
enough to obtain sufficient primary stability, while avoiding fracture of bone. However, current methods 
used to achieve press fit fixation are primarily qualitative, are not standardized and subject to great 
variability, as surgeons in general do not have the proper tools to produce consistent results. Moreover, 
the optimal endpoint of press fit fixation has not been able to be clearly defined. Consequently, 
surgeons must rely solely on their qualitative proprioceptive senses to determine optimal press fit 
fixation. A system and method are needed to quantitatively accomplish the optimal press fit value for 
any implant/bone interface, regardless of the variables involved. To address the above deficiencies, we 
are proposing a novel means of accessing and processing various force responses of bone. Based on 
experiments that we have performed, simulating impaction of an oversized acetabular prosthesis into 
an undersized bone substitute cavity, we have developed the Invasive Sensing Mechanism (ISM) 
concept, which hypothesizes that a point or small range exists, constituting a best fixation short of 
fracture (BFSF), which should serve as the optimal endpoint for press fit fixation. We propose to 
develop an Automatic Intelligent Prosthesis Installation Device (AI-PID) to enable optimal press fit 
fixation through its ability to assess the stress response of bone at the implant/bone interface and 
predicate application of force, in a controlled, quantifiable and incremental fashion, on this value. Based 
on measurement of the relevant impaction forces, cup insertion, and number of impacts to full seating, 
this instrument will direct a double binary decision guiding orthopedic surgeon regarding whether 1. 
impaction should continue, and if so, whether 2. applied force should be increased or stay the same. To 
define the requirements and prove the feasibility of our approach, Phase I will involve validation of the 
ISM concept, where drop tests will be performed in a simple test stand and impaction models, which 
will be made in Specific Aim #1. The ability of ISM to reliably determine the BFSF endpoint will be 
confirmed in four specified implant/bone substitute systems (Specific Aim #2). Phase II will involve 
development of an AI-PID instrument (Specific Aim #3) with the following features: 1) ability to deliver 
precisely controlled axial impacts of known impact energy, 2) ability to increase or modify applied force 
during use, 3) ability to measure the relevant impaction forces, 4) ability to automatically control the 
application of impact energy to optimally seat an acetabular cup using the algorithms determined in 
Phase I, 5) communicate data pertaining to ISM and BFSF to the surgeon, 6) allow for manual override 
and selection of impact energy by the surgeon. Ability of AI-PID to attain BFSF, relative to standard, 
mallet-based techniques, will be evaluated in the same bone substitute systems tested in Specific Aim 
#2, as well as in cadaveric pig and human pelvises (Specific Aim #4).
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PUBLIC HEALTH RELEVANCE:  Hip replacement surgery requires a delicate balance between 
inserting the implant deep enough to maintain sufficient grip, while not too strongly that it places the 
patient at risk for fracture. However, current methods used for such surgery are primarily qualitative – 
with the surgeons relying entirely on their own senses and intuition – are not standardized, and subject 
to great variability, as surgeons in general do not have the proper tools to produce consistent results. 
We are proposing to develop an instrument and a method to reliably apply the correct amount of force, 
based on measurements that the tool will perform on the implant, the bone, and itself, in order to guide 
surgeons as to whether they should continue inserting the implant, and if so, whether they should 
increase the force applied or keep it the same.

CRITIQUE 1

Significance: 1
Investigator(s): 1
Innovation: 2
Approach: 1
Environment: 1

Overall Impact:  The premise for this proposal is the lack of a controlled method to insert a press fit 
prosthetic acetabular cup into a prepared acetabulum during total hip replacement. This is based on a 
proposed high rate of failure of total hips (20 to 30 %) due to fractures of the acetabulum 
intraoperatively. The P.I wishes to develop a calibrated insertion device that would inform the surgeon 
of the best press fit fixation short of fracture (BFSF) for cup insertion and improve the clinical outcomes. 
Based on a significant amount of preliminary testing showing that there is a correlation between the 
insertion force of cup and the potential to fracture the acetabulum, the P.I. plans to develop this device 
in collaboration with a well - respected team of mechanical engineers versed in bone and total hip 
arthroplasty. The developmental protocol is sound and certainly will provide the necessary data to 
construct the device and test its efficacy in vitro.  Although such a device and its research to 
development it will advance the understanding of the mechanics of press fit insertion, the importance of 
such a device clinically may not be justified. The support by implant manufactures appears to state that 
there may be a clinical need. However, review of the literature and consultation with expert total joint 
surgeons does not support the high failure rate quoted that justifies the development of the device. This 
is not to say that it would not be of value but to point out from a business aspect that there may be little 
need for this device.

1. Significance:
Strengths

• This proposal if successful will add to the understanding of the bone’s response to press fit 
insertion techniques for total hip arthroplasty. Preliminary studies appear to provide data to 
develop a hypothesis for this proposal It would also provide a device to measure the BFSF. 
Based on this information it would allow for a clinical trial to assess whether such a device has 
merit in the clinical arena.

Weaknesses
• The lack of peer review publications by the P/I. on his prior work in this area is concerning as to 

its validity. The other weakness is the clinical relevance of the proposal

2. Investigator(s):
Strengths
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• The P.I is an orthopedic surgeon with 20 years of experience in the total hip arthroplasty field. 
He has had a major interest in improving the techniques for total joint implantation evidenced by 
his numerous patents. The supporting team consists of two world renown mechanical engineers 
in the field of orthopedic surgery especially the response of bone to stress and total joint 
development and bone implant interfaces and implant insertion and stability. These two areas 
are very important for this project. The project has Engineering Program Manager who has 
extensive experience in the translation of basic science to clinical success.

Weaknesses
• Despite his numerous patents, the P.I.  has no peer review publications? This is concerning as 

there has been no unbiased assessment of his preliminary results and hypothesis

3. Innovation:
Strengths

• The creation of such a device to be able to safely insert an implant and not fracture bone but 
assure that its press fit fixation is acceptable would be a valuable innovation in many areas of 
orthopedic surgery. The ability to better define what is done in surgery should result in improved 
clinical outcomes

Weaknesses
• Lack of peer review validation of preliminary data

4. Approach:
Strengths

• This is well written protocol. The process for device development follows a logical sequence of 
testing. The investigators have well developed premise on how to assess when the BFSF 
occurs. The protocol has a well thought out in vitro testing protocol using pig and human 
pelvises to confirm their bench top results. They have collaborated with a very successful 
engineering company to build the clinical device.

Weaknesses
• The only weakness is the assessment of fracture in the material tested. They plan to do this 

visually. This will be adequate for the simulated plastic bone but for the pig and human, a more 
sophisticated technique such as CT scanning is need as many of these fractures are occult.

5. Environment:
Strengths

• The project will be performed in very acceptable facilities. The outside consulting engineering 
facility is more than adequately equipped to perform the necessary functions to achieve the 
proposal’s end results. The collaborating university has two sites that are excellent. One is an 
interdisciplinary site combining basic, applied and translational research and has an excellent 
track record in these areas.  This center will be responsible for the basic science testing and is 
skilled in sensing technology. The other site is a well - respected Biomechanical Center known 
for in-vitro animal mechanical testing. This center will be responsible for the in-vitro cadaveric 
testing of pigs and humans.

Weaknesses
• Not noted.
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Study Timeline:
Strengths

• The timeline is well developed. The P.I has committed himself to on site involvement for long 
periods of time, so the project can be done

Weaknesses
• Not noted.

Phase II (Type 2 R42 and Type 2 R44 applications):

Direct Phase II (Type 1 R44 applications-See Face Page):

Fast Track (Type 1 R42 and Type 1 R44 applications):
Acceptable

• This proposal has on the requirements that would allow it to be fast tracked. It has the 
milestones for the preliminary basic work and outcomes for the second phase. It is supported by 
letters from industrial representatives stating the need for the device.

Protections for Human Subjects:
Acceptable Risks and Adequate Protections

Data and Safety Monitoring Plan (Applicable for Clinical Trials Only):
• The study requires the use of cadaveric pelvises for testing. They have contracted with a 

Biomechanical Testing Center that will provide these specimens following the 
appropriate local, university, state and national laws governing cadaveric procurement, 
transfer and disposal.

Inclusion of Women, Minorities and Children:
• the human subjects are cadaveric pelvises

Vertebrate Animals:
YES, all criteria addressed

• They will be using pig pelvises that are obtained following cardiac surgery experiments are 
finished, the appropriate animal welfare approval has been obtained

Biohazards:

Phase II B Competing Renewals:

Authentication of Key Biological and/or Chemical Resources:
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Budget and Period of Support:
Recommend as Requested

CRITIQUE 2

Significance: 3
Investigator(s): 3
Innovation: 2
Approach: 5
Environment: 3

Overall Impact:  This proposal addresses the need for objective measurement of fit in total hip 
replacement.  This is significant to avoid premature failures associated with improper fitting.  The 
concept is innovative through the delivery of controlled amounts of impact energy and the 
measurement of bone response.  However, enthusiasm for the proposal was weakened by what seem 
like some poorly justified choices in the design approach.  

1. Significance:
Strengths

• The proposal addresses a clear need for objective measurement of optimal fit in THR.
• 80% of the 400,000 US THR surgeries are performed at “low volume” by surgeons and early 

failure rates are increasing.
Weaknesses

• Static FEA analysis does not elucidate the mechanism of insertion (i.e., help to determine how 
much load should be applied) since impact insertion is dynamic and probably has to do with 
stress waves.  Despite this, the principle of the proposal seems sound and appears supported 
by the empirical preliminary work.

2. Investigator(s):
Strengths

• The team includes strong biomechanics collaborators with expertise in bone and testing.
Weaknesses

• The PI appears to have extensive patents stemming from clinical experience but not peer-
reviewed articles validating the technology(ies).

3. Innovation:
Strengths

• Using controlled application of impact energy is different (and arguably better) than current 
subjective practice.

• Measuring the bone’s response to implant insertion seems much more closely related to quality 
of fit than current position (tracking) based approaches.

Weaknesses
• No major weaknesses noted.
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4. Approach:
Strengths

• The test stand will allow standardization of impact energy.
• The measurement approach to determine optimal fit provides multiple options for finding 

correlations, including multi-parameter fusion, thus increasing likelihood of success.
• Testing under Aim 4 appears thorough and well designed to produce the data needed to test the 

hypotheses.
Weaknesses

• The impact energy will only match the mathematical model for plastic impacts (the dropped 
mass does not rebound/bounce).  If the same impactor is always used, this should still give 
repeatable results, but any change in the dropped mass or impactor could cause variations.

• FlexiForce sensors may not be suitable for the dynamic range of the phenomena being 
measured.  Since they have a slow rise time (hundreds of ms), they would need to be calibrated 
for the impact duration.  Since this will vary depending on where the sensors are (F1 vs. F5, for 
example), this would make calibration and interpretation of data challenging.  Furthermore, near 
the equator of the cup most of the loading will be shear as opposed to normal to the sensor, and 
this will mess with the sensor readings.

• The need to embed in the bone and then remove a sensor at F5 seems like a drawback.  It is 
unclear how a planar film-type FlexiForce sensor can be integrated in a bone anchor.

5. Environment:
Strengths

• Facilities at UMN and BE sites appear to be excellent.  Contracts and administrative support 
appear to be in place.

Weaknesses
• The collaboration between the PI and UMN researchers is relatively new.

Study Timeline:
Strengths
Weaknesses

Phase II (Type 2 R42 and Type 2 R44 applications):

Direct Phase II (Type 1 R44 applications-See Face Page):

Fast Track (Type 1 R42 and Type 1 R44 applications):
Acceptable

• Clear go/no-go criteria are presented for proceeding from Phase I to Phase II.
• However, the commercialization plan is weak.  There is no quantitative description of the market 

capacity, pricing, reimbursement, etc.  The argument for FDA approval is not well developed.  
The PI has lots of patents but no experience bringing products to market, and the vague 
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optimism of the commercialization plan seems to indicate a shallow understanding of the 
intricacies involved.

Protections for Human Subjects

Data and Safety Monitoring Plan (Applicable for Clinical Trials Only):

Inclusion of Women, Minorities and Children:

Vertebrate Animals:

Biohazards:

Resubmission:
• Major criticisms from a previous review have been addressed.

Phase II B Competing Renewals:

Resource Sharing Plans:
Acceptable

Authentication of Key Biological and/or Chemical Resources:

Budget and Period of Support:
Budget Modifications Recommended (in amount/time)
Recommended budget modifications or possible overlap identified:

• The budget seems excessive.  The PI requests numerous months of support, but it seems 
obvious that the PI is not personally doing most of the work, as there are large subawards to BE 
and UMN for this.  The subaward to BE seems quite large and the detailed budget and 
justification are missing.

CRITIQUE 3

Significance: 2
Investigator(s): 2
Innovation: 4
Approach: 4
Environment: 2

Overall Impact:  In this resubmission of a Fast-Track STTR Phase I, the applicants propose an 
automatic press fit fixation mechanism (AI-PID) for Total Hip Replacement (THR), which will assess the 
stress response of bone at the implant/bone interface and predicate application of force, in a controlled, 
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quantifiable and incremental fashion, on this value. It will be able to achieve a defined endpoint of best 
press fit fixation short of fracture (BFSF) using an Invasive Sensing Mechanism (ISM), replacing current 
manually determination of applied forces based on visual tracking and proprioceptive feedback.  The 
applicants hypothesize that this new technology will reduce the significant 5-year rate of failure for THR, 
which is a major concern.  The approach is appealing in theory, but unproven, and may not be realistic 
given the complexity of the bony structures and variation between patients.  It is also questionable that 
even with a BFSF that failure rate would be significantly reduced.  The problems may lie elsewhere.

1. Significance: 
Strengths

• There is undeniably a major problem when 25-50% of the >400,000 THRs performed each year 
in the US fail with 5 years.

• Since over 80% of THRs are performed by surgeons who do <10 per year, reliance on manual 
proprioceptive feedback in determining how much force to use is suspect as a cause for the 
large failure rate.

• To the extent that incorrect amount of insertion force is to blame and can be determined 
automatically by the method they propose, their technology could provide a much-needed 
solution to this important problem.

Weaknesses
• There is no guarantee that it is even possible to base the decision of how much force to use on 

real time force sensor measurements “such that all surgeons, regardless of experience, can 
produce consistently optimal press fit fixation.”  There are simply too many variables involved.

• It is not made clear that even with an “optimal” force how much improvement there would be in 
the success rate.  The major reasons for failure may lie elsewhere in the procedure of THR.

2. Investigator(s):
Strengths

• The PI is an orthopedic surgeon and CEO of Behzadi Medical Device.  The other members of 
the team include sufficient expertise to accomplish the proposed work, including extensive 
knowledge of mechanical engineering.

Weaknesses
• Not noted.

3. Innovation:  
Strengths

• The hand-held robotic device based on real-time sensors is highly innovative.
• The insights into the mechanics driving the innovation are based by extensive clinical 

experience with THR.  
Weaknesses

• The underlying system involving the structures of the bones involves too many variables to be 
modeled effectively, especially on a per-patient basis, and its potential effectiveness at reducing 
failure rate is uncertain.

4. Approach:
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Strengths
• A detailed plan is outlined for the development of the ISM and using it to determine optimal 

forces, after which the AI-PID will be developed and tested in phantom materials as well as ex-
vivo porcine and cadaveric models.

• The applicants have preliminary data on three different insertion techniques: controlled 
impaction, vibratory insertion, and constant insertion, using 5 different forces comprising a 
“stress field” in artificial bone phantoms.  These results have led to their concentrating on 
controlled impaction in the present grant, though the other two approaches may be added later.

Weaknesses
• The mechanical parameters in their models are incapable of capturing the complexity and 

variability of the actual system, such that a BFSF can be determined in real time on an 
individual basis.

• Even assuming a BFSF can be found, it is not clear that this will significantly reduce the failure 
rate, as the underlying cause of the failures may lie elsewhere.

5. Environment:
Strengths

• The environment is well suited for the proposed work.
Weaknesses

• Not noted.

Study Timeline:
Strengths
Weaknesses

Phase II (Type 2 R42 and Type 2 R44 applications):

Direct Phase II (Type 1 R44 applications-See Face Page):

Fast Track (Type 1 R42 and Type 1 R44 applications):
Acceptable

Protections for Human Subjects

Data and Safety Monitoring Plan (Applicable for Clinical Trials Only):

Inclusion of Women, Minorities and Children:

Vertebrate Animals:
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Biohazards:

Resubmission:
• The applicants have addressed the procedural concerns of the reviewers, although fundamental 

doubts as to the likelihood of success remain.

Phase II B Competing Renewals:

Resource Sharing Plans:
Acceptable

Authentication of Key Biological and/or Chemical Resources:

Budget and Period of Support:
Recommend as Requested

THE FOLLOWING SECTIONS WERE PREPARED BY THE SCIENTIFIC REVIEW OFFICER TO 
SUMMARIZE THE OUTCOME OF DISCUSSIONS OF THE REVIEW COMMITTEE, OR REVIEWERS’ 
WRITTEN CRITIQUES, ON THE FOLLOWING ISSUES:

COMMITTEE BUDGET RECOMMENDATIONS: The budget was recommended as requested.
  

Footnotes for 1 R42 AR074853-01A1; PI Name: Behzadi, Kambiz 

NIH has modified its policy regarding the receipt of resubmissions (amended applications). 
See Guide Notice NOT-OD-14-074 at http://grants.nih.gov/grants/guide/notice-files/NOT-OD-
14-074.html.  The impact/priority score is calculated after discussion of an application by 
averaging the overall scores (1-9) given by all voting reviewers on the committee and 
multiplying by 10. The criterion scores are submitted prior to the meeting by the individual 
reviewers assigned to an application, and are not discussed specifically at the review meeting 
or calculated into the overall impact score. Some applications also receive a percentile 
ranking. For details on the review process, see 
http://grants.nih.gov/grants/peer_review_process.htm#scoring.
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