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 SECTION 2 
 

ABSTRACT OF RESEARCH PLAN 
 

 PROJECT TITLE: 
 
A Pilot Randomized Controlled Trial to Evaluate Local Antibiotics for Open Tibia Fracture in Tanzania 
 

 
 

Abstract of research plan: Please provide an abstract of 250 words or less with 5 underlined phrases 
for a project summary. Please avoid summaries of past accomplishments and the use of the first 
person. The abstract is meant to serve as a succinct and accurate description of the proposed work 
when separated from the application. 

 
 

Tibial shaft fractures are the most common long-bone fracture.  Deep infection remains a common, devastating 
complication of open injuries leading to lifelong impairment that disproportionately affects low- and middle-
income countries (LMICs).  Thorough surgical debridement, followed by fracture stabilization using internal 
or external fixation, is the mainstay of treatment. One proposed adjunctive measure is prophylactic local 
antibiotic delivery, which can achieve much higher antibiotic concentrations at the surgical site than can be 
achieved safely with systemic administration.  There is a growing body of literature evaluating local antibiotic 
administration in both aqueous and powder form at the time of wound closure. While demonstrating potentially 
promising results, these studies are heterogeneous, of poor general methodologic quality, and none originate 
from LMICs where this technique would have the greatest potential benefits.  Local gentamicin is particularly 
promising given the broad spectrum of activity against common pathogens in osteomyelitis (staphylococcus, 
gram-negative rods), wide availability, and low cost (<1$ per 80mg vial). We propose a prospective, blinded, 
randomized controlled trial enrolling adult open tibial shaft fractures at the Muhimbili Orthopaedic Institute 
(MOI) in Dar es Salaam, Tanzania.  At the time of initial debridement, participants will be randomly assigned 
to receive aqueous gentamicin after closure or placebo saline injection.  The primary outcome will be deep 
surgical site infection at 1 year.  Secondary outcomes include health-related quality-of-life (HRQOL), modified 
Radiographic Union Scale for Tibial Fractures (mRUST), FIX-IT score for clinical healing, and cost of 
treatment using time-driven activity-based costing (TDABC) and survey methods.  



 

 

SECTION 3 
 

FACILITIES – Laboratory Space and Major Equipment 
  
 

Please provide an accurate description of laboratory facilities and major equipment available at the 
grantee’s institution that will support this project. Please recall the list of supplies and support that the 
grantee’s institution, or grant funds other than those from the OTA, are expected to provide:  
click to see the list 
 
 

The following laboratory space and equipment will be provided by the Muhimbili 
Orthopaedic Institute (MOI):  
 
(1) laboratory space including microbiology lab 
(2) maintenance service, including maintenance, supplies and service contracts  
(3) laboratory furniture and office equipment  
(4) locally appropriate insurance coverage for both patients and employees 
(5) all clinical space and equipment, including operating theaters, surgical implants and 
instruments, hospital rooms and beds, and clinic space 
 
The partnering institution at the University of California, San Francisco will cover costs of 
(1) research computers and mobile phones 
 
 
 

https://www.dropbox.com/s/wc800uc552xx0x3/Facility.pdf?dl=0
https://www.dropbox.com/s/wc800uc552xx0x3/Facility.pdf?dl=0


 
SECTION 4 
 

RESEARCH PLAN 

 
Click for Research Plan Instructions 

 
A. SCIENTIFIC AIMS (not exceed 400 words) 

Deep infection remains a common, devastating complication of open fracture injuries leading to lifelong 
impairment that disproportionately affects low- and middle-income countries (LMICs).  Thorough surgical 
debridement, followed by fracture stabilization using internal or external fixation, is the mainstay of treatment. 
One proposed adjunctive measure is prophylactic local antibiotic delivery, which can achieve much higher 
antibiotic concentrations at the surgical site than can be achieved safely with systemic administration.  There 
is a growing body of literature evaluating local antibiotic administration in both aqueous and powder form at 
the time of wound closure. While demonstrating potentially promising results, these studies are heterogeneous, 
of poor general methodologic quality, and none originate from LMICs where this technique would have the 
greatest potential benefits.  Local gentamicin is particularly promising given the broad spectrum of activity 
against common pathogens in osteomyelitis (staphylococcus, gram-negative rods), availability, and low cost 
(<1$ per 80mg vial).   
 
We propose a prospective, blinded, randomized controlled trial enrolling adult open tibial shaft fractures at the 
Muhimbili Orthopaedic Institute (MOI) in Dar es Salaam, Tanzania.  At the time of initial debridement, 
participants will be randomly assigned to receive aqueous gentamicin after closure or placebo saline 
injection.  The primary outcome will be deep surgical site infection at 1 year.  Secondary outcomes include 
health-related quality-of-life (HRQOL) as measured by EQ-5D, modified Radiographic Union Scale for Tibial 
Fractures (mRUST), FIX-IT score for clinical healing, and the direct and indirect cost of treatment using time-
driven activity-based costing (TDABC) and survey methods.   
 
Our central hypothesis is that deep infection has significant clinical and economic impact on open tibial 
patients, and the risk of deep infection will be affected by prophylactic use of locally-administered antibiotics. 
 
Specific Aim 1: To compare the rate of deep surgical site infection after intraoperative local gentamicin 
injection to debridement alone for open tibia fractures; and 
 
Specific Aim 2: To quantify the direct and indirect cost of deep infection compared to an uncomplicated open 
tibial fracture 
 
If efficacious, local antibiotics would be a highly cost-effective secondary prevention strategy in LMICs.  
Furthermore, although these findings will originate from an LMIC, results would be applicable to populations 
in both high and low-income countries. Therefore, a risk reduction on par with current literature could 
significantly reduce the global burden of open fractures. In the event that local antibiotics are not found to 
be effective, these prospective data will be highly impactful in establishing the economic burden of deep 
infection.    
 
 
 
 
 
 
 
 
 

https://www.dropbox.com/s/c5wkby0b8hqz5mr/Research%20Plan.pdf?dl=0
https://www.dropbox.com/s/c5wkby0b8hqz5mr/Research%20Plan.pdf?dl=0


 
 

B. BACKGROUND & SIGNIFICANCE (not to exceed 400 words) 
The rate of musculoskeletal (MSK) trauma is 2-5 times higher than in high-income countries (HICs) (1). Among 
MSK injuries, open tibia fractures have arguably the greatest burden in LMICs (2). Deep infection occurs in up to 
40% of cases and frequently leads to lifelong pain and disability that may require amputation (4–6). Given this 
morbidity, the Lancet Commission recently designated open fracture treatment as one of the “Bellwether 
Procedures” of essential surgical care in LMICs (7).  

Intravenous antibiotics are standard of care for prophylaxis of infection after open fracture, but their dosage 
is limited by systemic toxicity. As an adjunctive measure, locally-administered antibiotics have been used to  
achieve higher concentrations (8,9). A recent systemic review and meta-analysis of observational studies 
demonstrated a 70% reduction in the odds of deep surgical site infection for open fractures treated with local 
antibiotics (10). However, conclusions were limited by heterogeneity of study designs, interventions, and the 
definition of deep infection. Specifically, the included studies utilized a variety of antibiotics with and without 
carriers, such as polymethylmethacrylate (PMMA) beads. While PMMA has demonstrated efficacy and offers 
prolonging of antibiotic elution, it requires a secondary surgery for removal and is cost-prohibitive for routine use 
in LMICs.   

Direct application of antibiotic at wound closure, in the absence of a carrier, is a low-cost alternative to 
achieve high local antibiotic concentrations immediately.  Limited data are available for open fractures treated using 
this technique, but a recent meta-analysis of powdered vancomycin prior to closure in spine surgery demonstrated 
a 60% reduction in the odds of infection (11).  Similarly, the Vanco Study conducted by the Major Extremity Trauma 
Research Consortium (METRC) showed an approximately 50% relative risk reduction for infection with use of 
powdered vancomycin for high risk fractures (12).  Limitations of local vancomycin include its relative high cost, 
narrow antimicrobial spectrum, and the potential of inducing resistance against second-line antibiotics available for 
drug-resistant organisms.  

A promising alternative to local vancomycin is local gentamicin. Local gentamicin has demonstrated 
efficacy in reducing the rate of infection, both in an animal model and in a single retrospective cohort study of open 
tibia fractures, with a 50% reduction in relative risk of deep infection (10, 12). If proven to reduce the risk of 
infection, local gentamicin would be a highly cost-effective adjunctive treatment for open fractures that is 
likely generalizable in both high and low-income countries and promote care for injured patients.  

 
C. PREVIOUS WORK DONE ON THE PROJECT (Not to exceed 400 words) 

 
RCT Comparing IM Nailing to External Fixation 
We completed an RCT comparing the risk of reoperation due to deep infection or nonunion for intramedullary 
nailing (IMN) versus external fixation (EF) for open tibial fractures (13,14).  Of 240 patients enrolled, 218 (90.8%) 
(110 IMN,108 EF) completed one-year follow-up and were included in the final analyses.  There were 41 primary 
events: 28 deep surgical site infections (SSI) and 18 nonunions.  Primary events occurred in 17.3% and 20.4% 
of the IMN and EF groups, respectively (Relative Risk [RR] 0.85, 95% CI 0.5 to 2.1, p=0.558). Deep infection 
and nonunion were strongly associated with worse one-year quality-of-life as measured by EQ-5D scores (0.81 
vs.0.93, p<0.0001), which demonstrated persistent impairment at long-term follow-up (Figure 1). This study 
supports the significance of the proposed work and the feasibility of the study protocol.  
 
 



 

 
 

Figure 1: EQ-5D over time for patients with no complications, nonunion, and deep infection up to 1 year 
 
Qualitative Study Infected Nonunion 
A subset of patients who developed deep infection and nonunion from the prior RCT was followed in a parallel 
cohort study. Patients underwent semi-structured interviews at 2.5 years post-injury to assess quality-of-life. 
Patients reported very low EQ-5D scores at 1-year (0.756 ± 0.1), and none had returned to per-injury work 
status.  The six patients that interviewed, reported ongoing medical complications (6), loss of employment (6), 
reduced income (5), difficulties with transportation (4), inability to support their family (4), difficulty with activities 
of daily living (4), loss of social network and support (4), significant ongoing pain (3), poor emotional/mental well-
being (3), and significant loss of property (2) related to their injury. A representative quote is as follows:  

 
“I lost all of my properties. My family now lives like beggars because I was the key of the family. I am 
supposed to do work to assist the family. But since the injury, I have not done anything to make money.” 

 
These data support the substantial impact of infection on quality of life in domains not adequately captured by EQ-
5D score and fracture healing. These injuries primarily affect young, working age men in lower socioeconomic 
classes, which further perpetuates poverty for the patient and their family. This is the impetus for including 
more robust economic outcome instruments in the present proposal.  
 
D. METHOD (not to exceed 1200 words and 4 pages) 
This will be a single-center, prospective randomized controlled trial conducted at the Muhimbili 
Orthopaedic Institute in Dar es Salaam, Tanzania. All adults with open tibial shaft fractures presenting to the 
emergency department will be screened for enrollment, using the following eligibility criteria: 

 
Inclusion Criteria Exclusion Criteria 
Age 18 or older Wound requiring flap (Gustilo 3B) 
Open tibial shaft fracture (OTA Type 42) Vascular injury (Gustilo 3C) 
 Aminoglycoside allergy 

 
All participants who provide written informed consent will be treated with standard of care irrigation and 
debridement followed by bony stabilization at the discretion of the treating surgeon, typically intramedullary nailing 
(internal fixation) without the use of fluoroscopy.  All patients will receive preoperative intravenous antibiotic 
prophylaxis using ceftriaxone. At the time of closure of the traumatic wound, participants will be randomly 
assigned to receive either the local antibiotic intervention or a normal saline placebo injection. The 
intervention consists of 80mg of liquid Gentamicin diluted in 40mL normal saline (2 mg/mL) injected immediately 
after wound closure at the open fracture site as described by Lawing et al (8).  The local antibiotic solution will be 



 
injected at the fracture site to infiltrate the fracture hematoma. The injection will continue until there is fluid 
extravasation from the wound up to a maximum of 40mL. The placebo group will receive an injection of 40mL of 
normal saline using an identical protocol. The randomization procedure will be performed electronically by a local 
study coordinator. The patient, surgeon, research coordinators, and outcome assessors will be blinded to 
treatment group. Only a research pharmacist at the local site, research coordinator based in San Francisco, and the 
Data Safety Monitoring Board will be un-blinded to treatment group. The study has received ethical approval from 
both the National Institute for Medical Research (NIMR) in Tanzania and the UCSF Institutional Review Board 
(IRB# 17-23950). 
 
All subsequent postoperative care and rehabilitation will be equivalent for both groups. Follow up evaluations will 
occur at 2, 6, 12, 26 weeks post-operatively. Total duration of patient participation will be 6 months in the pilot trial. 
Data will be collected using Research Electronic Data Capture (REDCap)(15).   
 
Both direct and indirect costs of treatment will be measured to achieve Aim 2. The direct costs will be estimated 
using a Time-driven Activity-based Costing (TDABC) methodology(20,21).  TDABC requires estimation of the 
cost per unit time of a given resource (e.g. surgeon or nurse) and the time necessary to complete the activities in a 
given process.  Process maps will be developed for each phase of care: pre-operative, operative, post-operative, and 
follow up.  The personnel required for each process and time estimates will be directly observed by a study 
coordinator. The unit cost for each personnel will be calculated using the cost of capacity supplied divided by the 
practical capacity of resources supplied, assuming 80% practical capacity(20). The cost of capacity supplied will be 
obtained using monthly salary data provided by MOI. Use of consumable supplies (e.g. medications, surgical 
implants) will also be directly observed and recorded.  Costs of permanent equipment (e.g. anesthesia machines, 
instrument sets) will be calculated using total cost and estimated lifespan of the equipment. Administrative overhead 
will be attributed to each patient using aggregate annual administrative costs using the patient-day-equivalent (PDE) 
method. Indirect costs will be assessed by administering the Work Productivity and Activity Impairment 
(WPAI) questionnaire, modified for lower extremity injury(22). The WPAI is a validated instrument to measure 
health-related work productivity loss that includes work time missed (absenteeism), reduced on-the-job 
effectiveness (presenteeism), and daily activity impairment. It will be administered to both patients and caregivers 
to quantify the indirect cost of injury and related complications.   
 
Outcome Measures 
The primary outcome measure for the definitive study will be the rate of reoperation for deep surgical site 
infection (SSI). A deep SSI will be defined as any patient with exposed bone, any wound drainage after 3 months, 
or infection involving the deep tissues requiring reoperation.  All cases recommended for reoperation will be 
reviewed by an independent, blinded adjudication committee composed of experienced, non-treating 
orthopaedic trauma surgeons.  The secondary clinical outcome measures will be clinical union, radiographic 
union, malunion, and EQ-5D. Clinical union will be assessed using the FIX-IT score, a validated survey instrument 
for tibia fractures that incorporates pain and ability to weight bear (18). Radiographic healing will be assessed by 
the modified Radiographic Union Scale for Tibial Fractures (mRUST) (17,19). Nonunion will be defined as a 
reoperation to promote healing or an mRUST score at final follow up of 10 or less (16,17). Malunion, or post-
operative malalignment, will be defined as leg length discrepancy (>1 cm shortening), angular malalignment (>5 
degrees sagittal or coronal angulation), or malrotation (>10 degrees, determined by Foot-Thigh Angle). Quality of 
life will be measured by EQ-5D.  For the pilot trial we will additionally evaluate process metrics, including the 
rate of enrollment among screened patients, the effectiveness of the blinding and randomization procedures, 
the rate of follow up, and data quality.  

 
Sample Size Considerations 
Based on the previous RCT conducted at Muhimbili on open tibia fractures in the absence of local antibiotics, we 
estimated the rate of deep infection to be 12% (13,14). For a relative risk reduction of 50% in the rate of deep SSI 
with an Alpha (two-sided) of 0.05 and power of 0.80, the estimated sample size is 712 patients (356 per group). 
Assuming a loss to follow up of 20%, this study will need to enroll 890 patients to achieve the final sample size, 
which would require an enrollment period of 5 years based on past enrollment rates for a single center study. We 
anticipate enrollment of 180 patients or ~20% of the necessary sample size over 1 year for the pilot study.  



 
 
Statistical Analysis  
A Fischer’s Exact test will be used to compare the rate of deep infection and other complications between groups. 
A multivariate logistic regression will be performed to identify predictors of the primary event.  Continuous 
secondary outcomes, including the EQ-5D-3L index, FIX-IT score, EQ-VAS, and mRUST, will be assessed for 
between-group differences using a Student’s t-test at one-year, and longitudinal linear mixed-effects regression 
models adjusting for putative baseline risk factors.  Significance will be set at p <0.05. 
 
Timeline 
This study will be a pilot randomized controlled trial enrolling for 1-year and collecting follow up for an additional 
1 year. As such, the total necessary time to complete the trial will be 2 years.  

 
Timeline for Proposed Research 

June 2019 to October 
2019 

- Training, refinement, and implementation of 
study protocol 
 

October 2019 - Begin pilot study enrollment 
October 2020 - End pilot study enrollment 
October 2021 - Complete follow up data collection 
October 2021 to January 
2022 - Data analysis and manuscript preparation 
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needed, there is no word limit in this section. 

 
Prior OTA Funding to Principal Investigator or Co-P.I.: 
SOURCE OF SUPPORT TITLE OF PROJECT AMOUNT PERIOD OF 
OTA Resident Research 
Grant 

Nails versus Plates for Femoral Shaft Fractures in 
Tanzania 

$10,000 July 2012 to 
July 2014 

 
Research Support to Principal Investigator or Co-PI Relevant to THIS Project Past 5 Years (Include That 
from Own Institution): 
SOURCE OF SUPPORT TITLE OF PROJECT AMOUNT PERIOD OF 
UCSF Supernova A Pilot Randomized Controlled Trial to Evaluate Local 

Antibiotics for Open Tibia Fracture in Tanzania 
$10,000 July 2019 to 

July 2020 
UCSF Hellman Fellows 
Fund 

A Pilot Randomized Controlled Trial to Evaluate Local 
Antibiotics for Open Tibia Fracture in Tanzania 

$50,000 July 2019 to 
June 2021 

UCSF Seed Grant Longitudinal comparison of outcomes and cost-
effectiveness of intramedullary nailing versus external  
fixation for the treatment of open tibial fractures in  
Tanzania 

$25,000 July 2019 to 
July 2020 

 
Support to Principal Investigator or Co-PI for OTHER Research Projects: 
SOURCE OF SUPPORT TITLE OF PROJECT AMOUNT PERIOD OF 
Orthopaedic Research and 
Education Foundation 

Intramedullary kirschner wire versus flexible nail 
fixation for pediatric femur fractures 

 

$20,000 July 2017 to July 
2019 

Foundation for 
Orthopaedic Trauma 

Intramedullary kirschner wire versus flexible nail 
fixation for pediatric femur fractures 
 

$30,000 July 2017 to July 
2019 

 
Previous Research: 
SOURCE OF SUPPORT TITLE OF PROJECT AMOUNT PERIOD OF 
OREF Young Investigator 
Grant 

Nails versus Plates for Femoral Shaft Fractures in 
Tanzania 

$50,000 May 2012 to 
October 2014 

Doris Duke Charitable 
Foundation 

A randomized trial comparing intramedullary nailing to 
external fixation for open tibial fractures in Tanzania 

$30,000 July 2015 to 
July 2017 

 
Current Research: 
SOURCE OF SUPPORT TITLE OF PROJECT AMOUNT PERIOD OF 
    

 
Submissions of This or Similar Project to Other Agencies: 

 
SUBMITTED: 

• None 
 
PLANNED: 

• OREF Career Development Grant 
• OTA Full Research Grants – Directed Topic Grants (next cycle) 
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