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Clinical/Basic Science Research Article

Estimating the economic impact of complications
after open tibial fracture: A secondary analysis of
the pilot Gentamicin Open Tibia trial (pGO-Tibia)
Michael J. Flores, BSa, Kelsey E. Brown, BAa, Billy Haonga, MDb, Saam Morshed, MD, PhD, MPHa,
David W. Shearer, MD, MPHa,*

Abstract
Objectives: To estimate the indirect economic impact of tibial fractures and their associated adverse events (AEs) in Tanzania.

Design: A secondary analysis of the pilot Gentamicin Open (pGO)-Tibia randomized control trial estimating the indirect economic
impact of suffering an AE, defined as a fracture-related infection (FRI) and/or nonunion, after an open tibial fracture in Tanzania.

Setting: The pGO-Tibia trial was conducted from November 2019 to August 2021 at the Muhimbili Orthopaedic Institute in Dar es
Salaam, Tanzania.

Patients/Participants: One hundred adults with open tibial shaft fractures participated in this study.

Intervention: Work hours were compared between AE groups. Cost data were analyzed using a weighted-average hourly wage
and converted into purchasing power parity–adjusted USD.

Main Outcome Measurements: Indirect economic impact was analyzed from the perspective of return to work (RTW), lost
productivity, and other indirect economic and household costs. RTW was analyzed using a survival analysis.

Results: Half of patients returned to work at 1-year follow-up, with those experiencing an AE having a significantly lower rate of
RTW. Lost productivity was nearly double for those experiencing an AE. There was a significant difference in the mean outside health
care costs between groups. The total mean indirect cost was $2385 with an AE, representing 92% of mean annual income and an
increase of $1195 compared with no AE. There were significantly more patients with an AE who endorsed difficulty affording
household expenses postinjury and who borrowed money to pay for their medical expenses.

Conclusions: This study identified serious economic burden after tibial fractures, with significant differences in total indirect cost
between those with and without an AE.

Level of Evidence: II.

Keywords: open tibial fractures, indirect cost, economic impact, adverse events, orthopaedics

1. Introduction

Fracture-related disability is a significant public health and
economic burden worldwide.1 Since the 1990s, the global
incidence of fractures has increased by 33%, and the years lived
with disability from fractures has increased by 65%.1 Tibial
fractures are the most common type of long-bone fracture and
most likely to be open.2 Open fractures are at higher risk of both
developing fracture-related infections (FRIs) and progressing to
nonunion.3,4 Both FRIs and nonunion contribute increased

morbidity, loss of productivity, and other significant economic
costs.1,3,5,6

The economic burden of open tibial fractures, FRI, and nonunion
have been studied extensively in high-income countries (HICs).5–10

For example, one Belgian study found that total health care costs of
open tibial fractureswere double that of closed fractures and that one
of the major cost drivers was infection.10 Another study found that
FRI was associated with 8 times higher direct hospital costs than
non-FRI patients.8 FRI has also been associated with higher median
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indirect costs and absenteeismwhen comparedwith patientswithout
FRI.8 Similarly, a US-based study found that median total care costs
for patients with nonunion was double than that of patients
without.6

Although the economic costs of FRI and nonunion have been
outlined in HICs, very little existing literature is written about the
costs of these complications in LMICs. A Ugandan study outlined
the themes of the economic burden of surgical care, including
fracture care.11 Commonly cited themes included missed
education, inability to work, loss of income/savings, and negative
impact on business ventures.11 However, indirect costs are not
explicitly reported in the literature. This is particularly relevant
because most social safety nets, such as disability insurance, are
not available in low-income settings. This study aims to measure
the effect of FRI and nonunion on return-to-work (RTW) and
indirect cost using data from a pilot randomized control trial on
open tibial fractures in Tanzania.

2. Methods

2.1. The pilot Gentamicin Open-Tibia Trial

This study reports on the economic impact of suffering an adverse
event (AE), defined as an FRI or nonunion, measured by RTW
and indirect economic costs collected during the pilot Locally-
applied Gentamicin versus Saline in Open Tibia Fractures (pGO-
Tibia) trial conducted in Dar es Salaam, Tanzania.12 The pilot
trial assessed the feasibility of a randomized control trial
comparing the efficacy of local gentamicin with placebo for FRIs
in open tibial shaft fractures.12 The single-center trial was a
collaborative effort between theMuhimbili Orthopaedic Institute
(MOI) in Dar es Salaam, Tanzania, and the Institute for Global
Orthopaedics and Traumatology (IGOT) at the University of
California, San Francisco (UCSF).12 The trial enrolled 100
Tanzanian patients and randomized them to either receive local
gentamicin or saline placebo for their open tibial shaft fracture.
Patients were enrolled from November 2019 to August 2020 and
were followed for 1 year. The planned primary end point was the
occurrence of FRI. Secondary end points included nonunion,
reoperation, health-related quality of life, radiographic healing,
clinical healing, suggestive FRI, lost productivity, and direct
medical costs.12 Ethical approval was obtained by the National
Institute of Medical Research, Tanzania (Ref#:NIMR/HQ/R.8a/
Vol. IX/2958) and the UCSF Human Subjects Research Internal
Review Board (IRB# 17-23950).

2.2. Measuring Indirect Economic Impact

Indirect economic cost data were collected at each visit, which
included lost productivity, follow-up appointment costs, outside
health care costs, loans, and items sold to cover costs. Lost
productivity included paid and unpaid work and was measured
using time from injury to RTW and mean work hours at each
follow-up. Economic costs were compared between those with
and without an AE by 1-year follow-up. In addition, lost
productivity was compared at each follow-up between groups
and with baseline. All cost data were converted from 2020
Tanzanian shillings (TSh) to 2020 US dollars (USD) using the
World Bank purchasing power parity (PPP)-adjusted exchange
rate (888.37 TSh/USD).13 A PPP-adjusted rate was used to better
contextualize the costs faced by patients in Tanzania.

To better represent the economic impact of both paid and
unpaid work, lost productivity costs were estimated using the

mean hourly wage and preinjury and postinjury combined paid
and unpaid work hours. Hourly wage was estimated by
stratifying participants by their employment sector to calculate
a weighted-average hourly wage using publishedminimumwages
in Tanzania for each employment sector represented.14 Mean
weekly wages were calculated at each follow-up and stratified
between those with and without an AE. Mean weekly wages at
follow-up for each group were plotted and trendlines integrated
over time from the start of RTW. Preinjury work hours were also
integrated over the time period to calculate lost productivity by
subtracting postinjury work hours from preinjury work hours
over time.

2.3. Statistical Analysis

Descriptive and inferential statistics were performed using Stata
17.15 Demographics and injury characteristics were compared to
adjust for potential confounding. The 2-sample t test and Fisher
exact test were used to compare continuous and categorical
variables between those with and without an AE, respectively.

To address right censoring, a survival analysis was conducted
to compare the rate of RTW between those with and without an
AE using a Kaplan-Meier function. The risk of AE on the rate of
RTW was further analyzed using both univariate and multivar-
iate Cox regression models. Initially all variables with
P-values #0.2 and putative risk factors for AE were included in
the multivariate model. Established statistical methods were used
to identify the optimal model fit.16

3. Results

3.1. Demographics

Therewas 80% follow-up at 1 year. Of the 100 participants in the
pGO-Tibia trial, there were 22 who suffered an adverse event
(AE), defined as having an FRI and/or nonunion. Demographic
data can be seen in Table 1. Themean agewas 34 years, with 80%
beingmale.Most had either a primary (44%) or secondary (43%)
education level. Road traffic injury was the most common
mechanism of injury (85%). The most common injury was a
Gustilo-Anderson Type IIIA tibial fracture (75%), fixed with
either an intramedullary nail (53%) or external fixator (46%).

Demographic data were compared between those with or
without an AE. There was no difference in socioeconomic factors
between groups. There was a significant difference between
groups based on fixation type (P , 0.001) and distance from
injury to the hospital (P5 0.03), with external fixation and longer
distance from hospital associated with increased risk of an AE.

3.2. Return to Work

There were 79 participants who worked preinjury, with the
majority working in trade/business (54%) or transportation
(22%), as shown inTable 2.Only half of the participants returned
to work by the end of follow-up, as shown in Table 3.
Significantly less participants returned to work who suffered a
complication (27%, P 5 0.028) compared with no complication
(73%). Of those who did RTW by the end of follow-up (50%),
the mean time from injury to RTW was 27 weeks, with none
returning to work before 6-week follow-up.

To account for right censoring as a result of missing follow-up,
RTW was analyzed using a Kaplan-Meier function, as seen in
Figure 1. The failure functionwas analyzed byAE using a univariate
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cox regressionmodel, which demonstrated the rate of RTWas being
77% lower in patients with an AE (Hazard ratio5 0.33, 95%CI5
[0.14,0.76], P5 0.010). Themultivariate model, which adjusted for
age, sex, smoking status, injury severity, and distance from hospital,
demonstrated similar results to the univariatemodel (Hazard ratio5
0.33, 95% CI5 [0.14, 0.82], P5 0.017).

3.3. Indirect Costs

Among those employed preinjury (79%), the average participant
worked 61 hours of work per week, including paid and unpaid

work. Compared with preinjury work hours, patients employed
preinjury worked significantly less at each follow-up until 1-year
follow-up, as shown in Figure 2 (P# 0.001). At 1-year follow-up,
patients who had experienced an AE were working significantly
less compared with preinjury (P5 0.019) while those without an
AE were not (P 5 0.971). In addition, there was a significant
difference in work hours between AE groups after 6-month
follow-up (P # 0.012).

Lost productivity was estimated using mean preinjury and
postinjury work hours and the weighted-average hourly wage,
which was estimated to be $0.82/h (724.33TSh/hour) or an annual
income of $2569 (2,297,575 TSh). Mean postinjury work hours
were plotted over time and stratified by the AE group (Fig. 2). Both
curves were fitted to second-order polynomial functions (R2. 0.99)
and integrated over time from the start of RTW (Fig. 3). By 1-year
follow-up, themeanworkhours lostwere estimated tobe1390hours
(44% of yearly mean) without AE and 2727 hours (86%) with AE.
By 1-year follow-up, the mean lost productivity was estimated to be
$1133 (1,006,819 TSh) without AE and $2224 (1,975,248 TSh)
with AE. Between AE groups at 1 year, the lost productivity of
having an AE was nearly double, with the difference being
1323 hours costing $1079 (958,289 TSh).

Other indirect costs measured included follow-up travel time
and outside health care costs. The mean total follow-up travel
time was 1.6 hours costing $38 (33,467 TSh), representing 1.5%
of estimated yearly income. Forty-nine percent of participants
endorsed outside health care costs postinjury, mostly surgical
wound dressings, with significantly more endorsing these costs in
the AE group (P , 0.001). In addition, there was a significant
difference in the mean total outside health care costs between
groups ($124 [109,909 TSh] AE vs. $19 [16,667 TSh] no AE, P,
0.001), representing 4.8% and 0.7% of estimated yearly income,
respectively.

Overall, the total mean indirect cost as measured in this study
was estimated to be $1190 (1,056,953 TSh) without AE and
$2385 (2,118,624 TSh) with AE, representing 46% and 92% of
mean annual income, respectively. In addition, there was a $1195
(1,061,671 TSh) increase in total mean indirect cost in the setting
of an AE compared with no AE.

3.4. Other Household Economic Costs

Household economic costs were analyzed between groups, as
shown in Table 4. Twenty-three percent of participants endorsed

TABLE 1
Patient Demographics

Factor Total No AE AE P

N 100 78 22
Age, mean (SD) 34 (612) 33 (613) 35 (612) 0.51
Sex (%) 0.14
Male 80 (80%) 65 (83%) 15 (68%)
Female 20 (20%) 13 (17%) 7 (32%)

BMI, mean (SD) 25 (64) 25 (63) 26 (65) 0.24
Smoking status (%) 0.19
Current smoker 17 (17%) 16 (21%) 1 (5%)
Former smoker 5 (5%) 4 (5%) 1 (5%)
Nonsmoker 78 (78%) 58 (74%) 20 (91%)

Alcohol use (%) 0.81
Yes 58 (59%) 32 (42%) 8 (38%)
No 40 (41%) 45 (58%) 13 (62%)

Diabetes (%) 0.64
Yes 1 (1%) 1 (1%) 0 (0%)
No 96 (96%) 75 (96%) 21 (96%)
Unknown 3 (3%) 2 (3%) 1 (5%)

HIV/AIDS status (%) 0.41
No 91 (91%) 72 (92%) 19 (86%)
Unknown 9 (9%) 6 (8%) 3 (14%)

Education completed (%) 0.96
None 3 (3%) 2 (3%) 1 (5%)
Primary 44 (44%) 34 (44%) 10 (46%)
Secondary ordinary 42 (42%) 33 (42%) 9 (41%)
Secondary advanced 1 (1%) 1 (1%) 0 (0%)
College/university 10 (10%) 8 (10%) 2 (9%)

Preinjury work (%)* 0.78
Yes 79 (79%) 62 (80%) 17 (77%)
No 21 (21%) 16 (21%) 5 (23%)

Mechanism of injury (%) 0.41
Road traffic injury 84 (85%) 67 (87%) 17 (77%)
Fall 5 (5%) 3 (4%) 2 (9%)
Crush injury 5 (5%) 3 (4%) 2 (9%)
Gunshot 2 (2%) 2 (3%) 0 (0%)
Other 3 (3%) 2 (3%) 1 (5%)

Injury to debridement, mean days
(SD)

0.88
(0.3)

0.88
(60.3)

0.89
(60.4)

0.83

Gustilo-Anderson classification (%) 0.46
Type I 3 (3%) 3 (4%) 0 (0%)
Type II 22 (22%) 19 (24%) 3 (14%)
Type IIIA 75 (75%) 56 (72%) 19 (86%)

Fixation type (%) ,0.001†
Intramedullary nail 53 (53%) 49 (63%) 4 (18%)
External fixation 46 (46%) 28 (36%) 18 (82%)
Cast 1 (1%) 1 (1%) 0 (0%)

Randomization (%) 0.34
Gentamicin 55 (55%) 33 (42%) 12 (55%)
Saline 45 (45%) 45 (58%) 10 (46%)

Injury to hospital, mean km (SD) 22 (624) 20 (614) 32 (641) 0.030†

* Includes paid and unpaid work.
† Statistically significant.

TABLE 2
Participant Employment Categories and Wages

Employment Category* N Mean Wage (2020 PPP-Adjusted USD/Hour)

Agriculture 3 $0.58
Domestic worker/laborer 5 $0.46
Education 1 $0.81
Energy 1 $0.87
Financial institutions 2 $2.31
Fishing 1 $1.16
Health care 1 $0.76
Media 1 $0.87
Restaurant/bar 3 $0.75
Security 1 $0.87
Trade, industry, and commerce 43 $0.66
Transportation (inland) 17 $1.16
Total 79 $0.82†

* Based on data from africapay.org.
†Weighted average.
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difficulty affording household expenses after surgery, with
significantly more participants endorsing these difficulties who
suffered an AE (P 5 0.009). To pay for expenses postsurgery,
60% borrowed money with a mean value of $102 (90,350 TSh),
representing 3.9% of estimated yearly income, and 82% sold
assets for money with a mean value of $204 (180,800 TSh),
representing 7.9% of estimated yearly income. There was a
significant difference in borrowing between groups (P 5 0.05).

4. Discussion

This study was a secondary analysis of the pGo-Tibia trial
estimating the indirect economic impact of suffering an adverse

event, defined as an FRI or nonunion, after an open tibial fracture
in Tanzania. Indirect economic impact was analyzed from the
perspective of RTW, lost productivity, and other indirect
economic costs. Only 50% of patients returned to work at 1-
year follow-up, with those experiencing an AE having a
significantly lower rate of RTW. Lost productivity was nearly
double for those experiencing an AE, with those patients losing
86% of 1-year productivity. In addition, there were significantly
more patients with an AE who endorsed difficulty affording
household expenses postinjury and who borrowed money to pay
for their medical expenses.

The economic impact of tibial fractures is significant and is
greatly compounded by suffering an AE. This study determined

TABLE 3
Indirect Cost Data

Factor Total No AE AE P

Preinjury weekly work hours, mean (SD) 61 (623) 61 (623) 61 (624) 0.981
RTW by the end of follow-up? (%) 0.028*
Yes 50 (50%) 44 (56%) 6 (27%)
No 50 (50%) 34 (44%) 16 (73%)

Weekly work hours postinjury, mean (SD)† 44 (635) 50 (634) 24 (633) 0.006*
2 weeks 0 0 0
6 weeks 0 0 0
3 months 11 (623) 13 (625) 3 (612) 0.190
6 months 27 (635) 33 (636) 5 (619) 0.012*
9 months 44 (636) 52 (634) 13 (627) 0.002*
1 year 56 (635) 64 (630) 25 (637) ,0.001*

Travel to follow-up appointment, mean hours (SD) 1.6 (61.8) 1.6 (61.6) 1.6 (62.5) 0.91
Travel to follow-up appointment, mean cost (SD)‡ $37.67 6 38.60 $35.37 6 39.60 $45.82 6 34.44 0.26
Outside health care costs postinjury? (%) ,0.001*
Yes 49 (49%) 32 (41%) 19 (86%)
No 51 (51%) 46 (59%) 3 (14%)

Amount of outside health care costs, mean (SD)‡ $41.85 6 85.98 $18.76 6 37.50 $123.72 6 143.84 ,0.001*

* Statistically significant.
† Includes paid and unpaid work.
‡ 2020 PPP-adjusted USD

Figure 1. Kaplan-Meier RTW function (95% CI). RTW, return-to-work.
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that suffering an AE nearly doubled economic costs. However,
one recent study in Belgium reported indirect costs as nearly
4 times higher in patients with FRI.8 Thismay be because costs are
greater in high-resource countries and that patients in HICs are
more likely to undergo reoperation. In Tanzania, many patients
do not undergo reoperation for AEs because of the high cost of
reoperation. For example, in this cohort, only 3 of 22 patients
with an AE underwent reoperation. Although this may lessen the
short-term economic costs, this likely results in substantially more
clinical and quality-of-life impact in the long term because of the
persistent pain and functional limitation from chronic

osteomyelitis and/or nonunion.17 No other studies reporting the
indirect costs of AEs after open tibial fractures in a low-resource
country could be identified for comparison.

This study suggests that lost productivity is the main driver of
economic impact from complicated tibial fractures in Tanzania.
This is consistent with findings from other studies. A recent meta-
analysis looking at the rate of RTW among patients with
musculoskeletal injuries after road traffic accidents across 28
identified studies reported a pooled rate of RTWof 83%at 1 year,
with 36%having taken some sick leave.18However,most of these
studies were conducted in high-income countries, and AEs were

Figure 2. Mean follow-up work hours over time (95% CI).

Figure 3. Polynomial trendlines for calculating lost productivity.
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not considered. In addition, many LMICs do not have social
safety nets such as disability insurance or sick leave, which results
in increased individual economic burdens.19 Few RTW studies
have been conducted in low-resource settings, and none could be
identified that stratified patients by suffering from a complica-
tion. One study looking at patients with isolated tibial or femoral
fractures in Uganda found that only 63% of patients returned to
work within 2 years, with only 34% having returned to their
previous income level.20 One study conducted in Belgium looked
at the effect of FRI on absenteeism and identified a significant
difference between those with and without FRI at 1 year (340 vs.
86 days, respectively). Although this study reported high rates of
absenteeism, the actual economic impact may be less than in
LMICs because of access to safety net programs.

The economic burden of fracture-related indirect costs is of
concern. In this study, 23% of patients reported difficulty paying
for hospital expenses, with a majority selling assets (82%) and
more than half (60%) borrowing money to pay for these costs.
Perceived difficulty paying for hospital expenses was comparable
with data reported in the United States.21 One study in Uganda
reported that only half of participants were willing to borrow
money after orthopaedic trauma, with those who borrowed
requesting principal loans of nearly the median annual income.22

Although patients borrowed significantly less in this study than
those in Uganda, the percent borrowing money is comparable,
and the amount borrowed in this study is consistent with other
studies in low-resource settings.23 By contrast, one study in the
United States looking at trauma patients reported that only 23%
of patients had to take out loans for medical expenditures while
54% used savings to pay for medical care.21

This study had various limitations. The biggest limitation was
missing data because of the lack of follow-up, ranging from 61%
to 80% at each time point, with 80% follow-up at 1 year. In
addition, this study did not factor presenteeism into the indirect
cost. Furthermore, direct costs were not able to be collected using
the same survey instruments used to capture indirect costs from
patients. Direct costing requires direct observation of the
procedures and care provided. The research team did not have
the capacity to do this resource-intensive cost measurement for
the follow-up care or reoperations that occurred during this
study. Finally, although results were unchanged in the multivar-
iate analysis, additional confounding from confounders that were
not recorded in the study database remains a possibility.

In conclusion, this study found a high economic burden after
open tibial fractures, which was significantly worse in cases
complicated by infection and nonunion. Investments in strategies

to prevent and more effectively treat open tibial fractures and
their sequelae are needed to avoid catastrophic economic
consequences.
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