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Background/Objectives  
Femoral and tibial shaft fractures are among the most common long bone fractures. This 
study aims to assess and compare the economic impact of these two approaches by 
evaluating: direct costs (implant pricing, instrumentation and operating room expenses) 
and indirect costs (complication rates and reoperation expenses). 

Methods  
This study is a comparative cost-analysis study aimed at evaluating the financial burden 
of stocking an orthopaedic theatre with IM nails versus locking rods used for the 
treatment of femoral and tibial shaft fractures. The analysis will focus on the costs 
associated with the procurement; storage and utilization of these implant systems, using 
publicly available data, manufacturer pricing and relevant industry reports. 

Results  
In this comparison, IM nailing is slightly more expensive than treating the same fractures 
by universal locking rod systems with the cost difference ranging between $3,473 and 
$5,846. The main contributors to the cost difference include the slightly higher surgical 
time for IM nailing, as well as higher staffing and operating room costs in addition to 
higher complication rates reported. 

Conclusions  
While universal locking rods may have a higher upfront cost, they can reduce hospital 
inventory needs through their innovative designs which can potentially lead to long term 
cost savings, as one system can accommodate a bigger range of fractures. 

1. INTRODUCTION 

Femoral and tibial shaft fractures are among the most com
mon long bone fractures, often resulting from high-energy 
trauma such as road traffic accidents or falls from height in 
the younger population, in the older population these in
juries usually occur through low energy mechanisms.1 

Surgical fixation with intramedullary nails is widely con
sidered the gold standard treatment of femoral and tibial 
shaft fractures, given its biomechanical advantages, allow
ing for early weight-bearing and rehab potential, reduced 
soft tissue iatrogenic trauma and also high union rates.2 

However, the financial burden of stocking an or
thopaedic theatre with IM nails can be substantial, stocks 
must be maintained and in house inventory is influenced by 

various nail sizes, specialized instrumentation required and 
also by sterilization protocols.3 

Recently, innovative locking rod systems have been in
troduced as alternative fixation methods for shaft fractures, 
offering potential advantages in surgical efficiency and also 
cost-effectiveness. Some of these devices incorporate ad
vanced locking mechanisms and offer intraoperative cus
tomizable lengths options which may reduce the need for 
stocking multiple nail sizes and extensive surgical instru
mentation, while maintaining comparable clinical out
comes.4 

Despite all the promising attributes of innovative lock
ing rod systems, there is still limited comparative research 
that analyzes the financial implications of stocking an or
thopedic theatre with IM nails versus stocking with innova
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tive locking rods, particularly in high-income settings such 
as Europe and the United States. 
This study aims to assess and compare the economic im

pact of these two approaches by evaluating: direct costs 
(implant pricing, instrumentation and operating room ex
penses) and indirect costs (complication rates and reopera
tion expenses). By analyzing the financial feasibility of each 
system, this research seeks to provide evidence-based rec
ommendations for hospital procurement decisions and cost 
optimization in orthopedic trauma care. 
The importance of this study comes from the high im

pact given by the high volumes of shaft fractures treated in 
a Level 1 Trauma Centre. A retrospective study in Finland 
over 6 years (2014 - 2020) treated a total of 1182 patients 
with femoral fractures by IM nailing, amounting on average 
yearly to 197 femoral fractures treated by IM nailing. An
other retrospective study from Qatar over a period of 4 
years treated 454 femoral fractures by IM nailing, averaging 
yearly to 114 patients treated by IM nailing. On average it 
can be considered that a Level 1 Trauma Centre would treat 
150 patients by IM nailing.5,6 

2. METHODS 

ETHICAL CONSIDERATION 

This study doesn’t involve human participants, patient data 
or clinical interventions, because of that it is considered ex
empt for patient consent requirements. All financial data 
is anonymized to ensure confidentiality.The study was con
ducted in accordance with the Declaration of Helsinki, and 
approved by the Ethics Committee of Victor Babes Uni
versity of Medicine and Pharmacy Timisoara (number 84/
01.10.2021 rev 2024). 

STUDY DESIGN 

This study is a comparative cost-analysis study aimed at 
evaluating the financial burden of stocking an orthopaedic 
theatre with IM nails versus locking rods used for the treat
ment of femoral and tibial shaft fractures. The analysis will 
focus on the costs associated with the procurement; stor
age and utilization of these implant systems, using publicly 
available data, manufacturer pricing and relevant industry 
reports. 
This study is a non-patient-centered retrospective study 

which used financial data gathered from published cost re
ports, healthcare procurement databases and data gathered 
from implant suppliers. 

DATA COLLECTION 

Data was gathered from publicly available sources, includ
ing national and international procurement databases 
(such as hospital supply catalogs and public tender docu
ments), public pricing reports and manufacturer published 
implant cost sheets. This included various sizes and config
urations, along with the costs of the supplementary fixation 
components like locking screws, instruments and guides. 

Additionally, price variability across different suppliers and 
manufacturers were considered to reflect market diversity. 
Additional data were extracted from peer-reviewed stud

ies including cost metrics for orthopedic implants and op
erating room expenditures. All sources were selected to 
reflect generalizable and openly accessible financial infor
mation applicable to high-income healthcare systems. 
Instrumentation and surgical tool expenses were evalu

ated by reviewing the average cost of specialized tools re
quired for each implant system, including both reusable 
and disposable components. Where applicable, tool depre
ciation and usage, frequency were considered to assess the 
economic impact of reusable instrumentation. 
Operating room costs were analyzed based on the aver

age duration of procedures utilizing each implant system. 
Staffing expenses were determined by standard hourly com
pensation rates for surgeons, anesthetists, and nursing per
sonnel, derived from healthcare industry reports. 
Storage and sterilization costs were assessed through a 

review of logistical demands such as inventory space, stock 
maintenance, and sterilization protocols. The analysis in
corporated costs associated with managing both implant 
systems and reusable surgical instruments. 
Lastly, data regarding complications and reoperation 

costs were derived from existing clinical literature. This in
cluded the financial impact of infections, bone nonunion, 
and the hospital resources required for managing postoper
ative complications related to each implant type. 
The inclusion criteria for data were: publicly accessible 

reports published between 2018 and 2024, pricing data 
specifically related to femoral and tibial shaft fracture fixa
tion using intramedullary nails or universal locking rod sys
tems and financial figures related to implant procurement, 
instrumentation, operating room time, sterilization costs 
and reoperation costs. 
Exclusion criteria included: internal hospital pricing 

data not publicly disclosed, non-English cost reports, finan
cial data pertaining exclusively to paediatric or upper limb 
fractures and cost data outside high-income countries, as 
defined by the World Bank. 

COST ANALYSIS METHODOLOGY 

The study adopted a cost-analysis approach aimed at quan
tifying direct expenditures associated with the procure
ment, surgical application, and post-operative manage
ment of orthopedic implants. The direct costs of implants 
and instrumentation were calculated using average market 
prices for femoral and tibial IM nails and locking rods, 
along with related fixation components. Both single-use 
and reusable items were reconsidered, factoring in depreci
ation and the frequency of use in a clinical setting. 
Operating room and staffing costs were estimated by 

combining standardized per-minute operational costs of 
running surgical theaters with average hourly wages for rel
evant healthcare staff, including surgeons, anesthesiolo
gists, and sterilization cycles. 
To evaluate complications and reoperation costs, the 

study referenced average cost data for managing implant-
related adverse outcomes. These included rates of infec

Do we have that nail on shelf? Comparing the financial burden of stocking an orthopaedic theatre: intrame…

Orthopedic Reviews 2



tion, nonunion and subsequent hospital interventions or 
surgical revisions, all of which have implications for long-
term financial burden. 

SPECIFIC IMPLANT CONSIDERATIONS 

Intramedullary nails are anatomically specific implants, re
quiring careful selection based on parameters such as di
ameter, length, and locking configuration. The nail must 
correspond precisely to the patient’s intramedullary canal 
and fracture characteristics. This necessity for precision re
sults in the requirements for hospital to maintain large in
ventories of various implants sizes and types to accommo
date diverse patient needs. 
Conversely, the universal locking rod system introduces 

a modular and flexible design that can be adjusted intra
operatively. These systems typically allow for length cus
tomization during surgery – often within a range of 250 
mm to 400 mm for femoral fractures – and rely on a fixed 
or semi-adjustable diameter. Locking screw configurations 
can be adapted based on the patient’s anatomy, making 
these systems more versatile than traditional pre-sized im
plants. 
Although the term “universal” may suggest a one-size-

fits-all approach, these rods are not singular in dimensions. 
Instead, they offer intraoperative adaptability that signifi
cantly reduces the variety of implant stock required. This 
design not only enhances inventory efficiency but also min
imizes the risk of delays caused by mismatched or unavail
able implant sizes during surgery. Ultimately, this con
tributes to smoother surgical workflows and may lower the 
incidence of implant-related complications. 

STATISTICAL ANALYSIS 

Descriptive statistics were used to present cost-related 
findings for both implant systems. This included the calcu
lation of mean values, standard deviations, and cost ranges 
for each major category – implant pricing, instrumenta
tion, operating room costs, sterilization, and storage. Com
parative analysis was performed to evaluate total proce
dural costs using paired t-results for data sets with normal 
distribution. In instances where normality could not be as
sumed the Mann-Whitney U test was applied. 
For each cost category, independent statistical compar

isons were conducted between intramedullary nails and 
universal locking rods using simulated datasets. Midpoints 
were calculated as the arithmetic mean of the reported 
minimum and maximum values for each implant type. 
Around each midpoint, synthetic datasets were generated 
assuming a normal distribution with a standard deviation 
equal to ±20% of the midpoint value, reflecting estimated 
real world cost variability. 
A total of 30 data points per group were generated for 

each category independently This approach ensured that 
each cost component , such as implant cost, instrumenta
tion, operating room time, sterilization and complications, 
was analyzed using a distinct dataset reflecting its specific 
cost structure. Independent samples t-tests were applied to 
compare group means. To account for potential abnormal 

distribution, Mann-Whitney U tests were also performed 
for each category. 

3. RESULTS 

IMPLANT AND INSTRUMENTATION COSTS 

The cost per implant for IM nails was found to be between 
$800– $1,500 for IM nails used to treat femoral shaft or 
tibial shaft fractures with additional costs per surgery for 
locking screws and single use instrumentation being in the 
range of $200– $500. In comparison, a universal size lock
ing rod system used to treat femoral shaft or tibial shaft 
fractures is priced in the range of $1,200– $1,800, with ad
ditional costs for screws being reported to be in the range 
$150– $400. 

OPERATING ROOM AND STAFF COSTS 

Operating room time was measured for each procedure. IM 
nailing of tibial and femoral shaft fractures ranges in du
ration between 90–120 minutes, leading to operating room 
costs of approximately $5,400– $12,000 per procedure (in
cluding anesthesia and staffing of the operating theatre). 
In contrast, the universal locking rod implant procedure 
for femoral or tibial shaft fractures takes 75–110 min, this 
resulted in an operating theatre cost amounting approxi
mately $4,500– $11,000 per procedure. 

STERILIZATION AND STORAGE COSTS 

Sterilization and storage costs were evaluated for the nec
essary tools and implants used in each procedure. For IM 
nails sterilization costs were on average calculated at ~ 
$5,000– $15,000 for annual sterilization and storage cost 
per implant type, based on the number of reusable in
struments involved and stock quantity. On the other hand, 
the locking rod system, with a more simplified set of in
struments and adjustable design, incurred sterilization and 
storage costs calculated at $3,000– $8,000 annually per im
plant type. 
In a clinical setting a Level 1 Trauma Centre is expected 

to treat on average 150 femoral shaft fractures yearly by IM 
nailing. In regards to this it can be calculated that the price 
for storage and sterilization per surgical procedure for IM 
nail ranges between $34 and $100 while on the other hand 
for locking rods the price per procedure for sterilization and 
storage would be approximately in a range between $20 and 
$54. 

COMPLICATION AND REOPERATION COSTS 

The complication rates for IM nails used to treat femoral 
and tibial shaft fractures is estimated to range from 5% to 
10% for the need of reoperation, with the managing com
plications cost averaging $15,000 to $30,000 per event. For 
the universal locking rod system, the complication rate was 
slightly lower between 3% to 7% for femoral or tibial shaft 
fractures, with associated costs for managing complications 
estimated to range between $12,000 and $25,000, this re
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Table 1. Costs of implant considering all categories included in the study           

Cost category IM Nails Universal Locking Rods 

Implant $800– $1,500 $1,200– $1,800 

Instrumentation $200– $500 $150– $400 

Operating room $5,400– $12,000 $4,500– $11,000 

Sterilization and storage $34 - $100 $20 - $54 

Complication $15,000 - $30,000 $12,000 - $25,000 

Total per procedure $21,343 - $44,100 $17,870 - $38,254 

flects the slightly higher intervention requirements of the 
IM nails compared to the surgical requirements of the uni
versal rod systems. 

TOTAL PROCEDURE COSTS COMPARISON 

The total cost for each implant, considering all the cate
gories taken in account (implant cost, instrumentation, op
erating room time, sterilization, storage and complications 
management), is summarized below (Table 1): 

COST SUMMARY 

The average total cost per procedure for surgical treatment 
of femoral shaft and tibial fractures using IM nails ranges 
between $21,343 and $44,100. For the treatment of tibial 
shaft of femoral shaft fractures, using the locking rod costs 
were estimated to range between $17,870 and $38,254. 
In this comparison, IM nailing is slightly more expensive 

than treating the same fractures by universal locking rod 
systems with the cost difference ranging between $3,473 
and $5,846. The main contributors to the cost difference 
include the slightly higher surgical time for IM nailing, as 
well as higher staffing and operating room costs in addition 
to higher complication rates reported. 

CUMULATIVE ANNUAL COST COMPARISON 

To further illustrate the financial implications, a cumula
tive annual cost comparison was developed based on an es
timate of 150 cases of IM nailing per year. (Figure 1) 
The figure highlights an approximate savings of 20% an

nually with the use of universal locking rods due to the 
lower operative costs, lower inventory costs and fewer com
plication costs. 

STATISTICAL ANALYSIS 

The comparative statistical analysis between in
tramedullary nails and universal locking rods was per
formed using independent samples t-tests. For each cost 
category, datasets were simulated by generating 30 values 
around the midpoint of the reported cost ranges, applying a 
± 20% standard deviation to model realistic economic vari
ability. The analysis revealed statistically significant dif
ferences in several key cost categories, including implants, 
instrumentation, sterilization, complications and total pro
cedure cost. Operating room costs, however, did not show a 

Figure 1. Cumulative annual cost comparison between      
intramedullary nails and universal locking rods for 150         
femoral/tibial shaft fracture procedures (price in       
million/year)  

statistically significant difference (t = 0.84, p= 0.40). (Table 
2) 
Simulated datasets (n= 30 per group) were generated us

ing midpoint values from reported cost ranges, with ±20% 
standard deviation applied to model real- word pricing vari
ation. Independent samples t-tests and Mann-Whitney U 
tests were conducted to compare costs between IM nails 
and universal locking rods, providing both parametric and 
non-parametric validation of results. 
To validate the robustness of the findings, Mann – Whit

ney U tests were also performed for each cost category. 
These non-parametric tests yielded statistically significant 
differences in all categories, except for operating room 
costs (U = 560, p = 0.1055), thereby confirming consistency 
with the t-test results. 

SENSITIVITY ANALYSIS 

A sensitivity analysis was also conducted to explore the ro
bustness of the findings. This involved assessing the influ
ence of fluctuations in critical cost components, such as 
complication rates, sterilization procedures and operating 
room duration, on the overall cost comparison between IM 
nails and universal locking rods. 
A sensitivity analysis was conducted to test the robust

ness of these financial findings under fluctuating clinical 
and operational costs, the results are visualized below. (Fig
ure 2) 
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Table 2. Simulated cost distribution for IM nails and Universal locking rods: Price mean ± SD from Modeled Data                  
and Independent Samples t-test results and Mann – Whitney U test.            

Cost category IM Nails Mean ± 
SD 

Universal Locking Rods Mean ± 
SD 

Test 
statistic 

U test p-value 

Implant $1,153 ± $224 $1,494 ± $ 268 t = -5.26 U = 
168 

p < 
0.05 

Instrumentation $343 ± $70 $290 ± $51 t = 4.93 U = 
741 

p < 
0.05 

Operating room $8,814 ± $1,801 $7,824 ± $1,581 t = 0.84 U = 
560 

p >0.05 

Sterilization and 
storage 

$65 ± $15 $38 ± $7 t = 10.41 U = 
890 

p < 
0.05 

Complication $23,768 ± $3,439 $17,736 ± $2,446 t = 2.60 U = 
660 

p < 
0.05 

Total per procedure $34,215 ± $6,389 $28,223 ± $5,539 t = 6.63 U = 
620 

p < 
0.05 

Figure 2. Sensitivity analysis of cumulative annual      
costs for intramedullary nails and universal locking        
rods  

Cost scenarios simulate +/- 20% variation in critical fi
nancial variables (complication rates, operating room du
ration and sterilization costs). Universal locking rods con
sistently exhibit lower total costs across all modeled 
scenarios. 

4. DISCUSSIONS 

IM nails are typically manufactured in multiple lengths and 
diameters, requiring stocks of a wider range of sizes. This 
will often result in higher inventory costs, as different pa
tients require different nail lengths for example for femoral 
nails: 340 mm – 440 mm and for tibial nails: 260mm – 
420mm with diameters of nails being typically between 9 
mm to 13 mm. 
The universal locking rod systems, unlike traditional IM 

nails, are adjustable in length intraoperatively, reducing 
the need of stocking multiple sizes for each implant. Uni
versal locking rod systems allow for intraoperative cutting, 
eliminating entirely the need for any pre-sized implants. 
The locking mechanisms are design in such a way that they 

can accommodate different bone diameters, further mini
mizing the number of implants required to stock. 
Because the locking rod systems are designed with ad

justable features in order to work across a range of frac
tures, they typically require fewer inventory variants (dif
ferent sizes of rods for femoral and tibial fractures). This 
reduces hospital costs associated with multiple rod sizes 
and complicates inventory management. The rod systems 
are generally sold in a range of standardized options, usu
ally based on common rod lengths and diameters. 
Another important aspect is that the pre-selection of 

nail sizes does require additional planning and occasional 
delays in surgery if the correct size isn’t available at the 
scheduled time, for this reason due to the universal rod sys
tems intraoperative adjustability, there is no need for mul
tiple pre-sized implants and this might in the end reduce 
surgical delays and potential misfits. 
Given the necessity of bigger stocks for IM nails, hos

pitals must sterilize and store multiple implant sizes, and 
this increases the costs of treatment, on the other hand for 
universal locking rod systems, fewer implants are required 
to be stocked, sterilized and stored, and this significantly 
reduces logistical and sterilization costs. Hospital can save 
between 30% and up to 50% in costs regarding steriliza
tion and storage by reducing implant variety regarding the 
treatment of the same fractures. 
Universal locking rod systems have greater flexibility in 

fit and because of that they reduce the risk of implant re
lated complications when compared to IM nails in which 
size mismatches or inventory shortages can lead to delays, 
complications or even the need for surgical re-interven
tion.7 

The present study highlights a substantial economic ad
vantage in favor of universal locking rod systems over in
tramedullary nails in treating femoral and tibial shaft frac
tures. While IM nails remain a widely accepted gold 
standard due to their biomechanical strength and early mo
bilization benefits, our findings underscore the long-term 
cost implications that are often overlooked during implant 
selection. 
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Several existing studies confirm that the timing, com
plexity and technical precision required for IM nailing pro
cedures affect outcomes and resource consumption. Patel 
et al. reported that delayed IM nailing led to increased com
plications and extended hospital stays, which contributes 
significantly to cumulative costs.8 

Traditional IM nail systems necessitate extensive preop
erative planning and the availability of multiple implant 
sizes, which leads to greater inventory costs and surgical 
delays. These logistical constraints are echoed in large-
scale orthopaedic references, such as Rockwood and 
Green’s Fractures in Adults, which discusses how implant 
variety requirements can burden high-volume trauma cen
ters.9 

Beyond procedural efficiency, implant selection also 
plays a role in the frequency and type of complications. 
Nonunion, malunion and infection not only increase the 
clinical burden but also significantly drive up postoperative 
costs. Morshed emphasized that delayed union or misalign
ment often leads to reoperations, thereby reinforcing the 
financial impact of poor implant compatibility.10 Further
more, Christy et al found that reoperation rates for IM nails 
in femoral fractures can exceed 10% of cases, which aligns 
with the complication ranges used in our financial mod
els.11 

Sterilization and implant waste also form a major part 
of the total procedural costs. Studies by Pfefferle et al. 
have stressed the absence of standardized guidelines in 
orthopaedic trauma regarding implant waste, noting that 
unutilized implants contribute to significant financial inef
ficiencies.12 

Our cost comparison aligns with findings by Laurut et 
al., who conducted a systematic review quantifying surgical 
waste and linking it to complex instrumentation require
ments and lack of intraoperative flexibility.13 The universal 
locking rod system addresses this issue by allowing intraop
erative length adjustments, reducing the need for a variety 
of pre-sized rods and minimizing the likelihood of surgical 
delays due to inventory mismatches. 
The choice between implant systems becomes even more 

critical in diverse healthcare environments. Zhang et al 
compared locking compression plates and IM nails in a 
cost-effectiveness study conducted in a low-resource set
ting, noting that intraoperative adaptability can directly 
improve both cost-efficiency and patient outcomes.14 This 
further supports our findings that universal rod systems, 
while potentially more expensive up front, reduce down
stream costs and logistical burdens. 
In high-income trauma centers, overall cost-efficiency is 

influenced by both direct implant pricing and indirect vari
ables like staffing, operating room occupancy, and equip
ment sterilization. Vanderkarr et al. modeled these inter
actions and found that streamlining surgical workflows via 
adaptive implants contributed to decreases in cumulative 
operating costs.15 This reinforces the conclusion that lock
ing rod systems, despite higher pricing per unit, achieve 
greater financial sustainability in the long run. 
Lastly, registry-based studies, such as Wähnert et al. in

dicate that IM nailing although effective, still caries no

table complication rates requiring intervention. This sup
ports the marginally higher complication costs we reported 
for IM nails and reinforces the clinical viability of switching 
to more adaptable systems like locking rods.16 

In summary, while both implant systems deliver accept
able clinical outcomes, the long-term financial implications 
and institutional efficiencies achieved with universal lock
ing rods position them as a cost-effective alternative. They 
minimize procedural variation, reduce logistical costs, and 
lower the rate of implant-related complications, thereby 
supporting a shift in procurement strategies for or
thopaedic departments in high-volume trauma centers. 

LIMITATIONS 

The study relied on average costs derived from existent 
market data, which might vary by region, healthcare system 
and specific supplier agreements. 
The study focused primarily on direct costs and did not 

capture all potential indirect costs, such as a broader insti
tutional resource utilization that could affect financial sus
tainability. 
Variations in implant pricing, instrumentation costs and 

sterilization procedure from different suppliers or different 
healthcare systems might have affected the generalizability 
of the findings. 

5. CONCLUSION 

This study highlights the financial impact of implant se
lection in orthopaedic trauma surgery, demonstrating that 
universal locking rod systems may offer significant cost ad
vantages over traditional intramedullary nails. These ad
vantages extend beyond implant pricing, encompassing re
duced surgical time, simplified inventory management, and 
potentially lower complication burdens. 
For institutions seeking to optimize surgical workflows 

and reduce overhead costs in high volume trauma care, 
locking rod systems present a practical and sustainable so
lution. Their intraoperative flexibility, reduced need for im
plant variety and ease of sterilization can collectively 
streamline orthopaedic surgical procedures. 
Ultimately, implant procurement decisions should not 

be based solely on initial purchase costs, but on the broader 
economic and operational value delivered across the con
tinuum of patient care. This study encourages orthopaedic 
departments and hospital administrators to critically eval
uate how innovation in implant design can contribute to 
long-term efficiency and cost containment. 
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