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Abstract
Background To analyze the clinical characteristic and economic of intramedullary nailing versus locking
compression plate for the treatment of open distal tibial fractures.

Methods A retrospective analysis was conducted by enrolling patients with open distal tibial fractures
who were admitted in Lower Limb Surgery Ward of Traumatic Orthopedic Department Xi’an Honghui
Hospital from January 2016 to January 2019. The collected clinical materials and data included gender,
age, injury mechanism, smoke and alcohol, comorbidity disease, Gustilo classi�cation, days before
operation, �nal treatment option, surgical duration, intraoperative bleeding loss, length of stay,
complications, Johner-Wruhs criteria, total cost within 1 year after surgery (including hospitalization
expenses and postoperative rehabilitation or follow-up expenses). All the patients were divided into two
groups based on the �nal treatment options: Group IMN(intramedullary nailing) and Group LCP(locking
compression plate). Cost data for each case within 1 year after surgery were analyzed for the cost-
effectiveness ratio (CER)and incremental cost-effectiveness ratio (ICER) of IMN versus LCP.

Results 49 consecutive cases were enrolled including 28 cases of Group IMN and 21 cases of Group LCP
with the excellent and good rate of 82.1% (23 cases) and 85.7% (18 cases) respectively based on Johner-
Wruhs criteria. The surgical duration (p=0.017) and intraoperative bleeding loss(p=0.046) were
signi�cantly lower in Group IMN than in Group LCP. Total cost within 1 year after surgery(p=0.048) was
also less in Group IMN 126435.90±39093.98 CNY than in Group LCP 147834.60±56821.12 CNY . No
statistically signi�cant difference was discovered on the excellent and good rate of Johner-Wruhs criteria
between the two groups(p 0.05). The average cost for every 1% of excellent and good rate was 1540.02
CNY in Group IMN and 1725.02 CNY in Group LCP. Each 1% increasing of excellent and good rate cost
5944.08 CNY more in Group LCP compared with Group IMN.

Conclusions Both the IMN and LCP could provide a satisfactory outcome for open distal tibial fractures.
However the IMN was a more cost-effective management than LCP when the economic analysis was
included.

Introduction
Open fractures always result from high-energy injury and severe one is often associated with
unpredictable complications and disabilities which could lead to a signi�cant higher long-term morbidity
and mortality even treated and managed by sophisticated orthopedics trauma surgeon [1-3]. High energy
injury including road tra�c accidents, falls from a standing height and crush injury is the most common
cause (20%) for open fractures, meanwhile the fractures of lower extremity are the �rst most common
open fractures with an incidence of 22% in all open shaft fractures [4, 5].

The �nal management option after early surgical debridement and fracture stabilization for open tibial
fractures depends on extend of injury, fracture location and pattern, severity of soft tissue injury, general
hemodynamic status and the experience of surgeon. The most common options include external �xation,
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intramedullary nailing and internal �xation with plate and screws [6]. The plates are frequently used for
fractures extended to the joints and nails are for extra-articular fractures. Moreover, currently IMNs are
also used for fractures with a limited extension to the joint and indications for their use is extending as
they are better choices particularly for open fractures [1,4-6]. Complex open distal tibial fractures are
always associated with severe soft tissue injury, sometimes even with the onset of segmental bone
defect. Hence the treatment of this limb threatening injury faces a substantial challenge of more accurate
clinical decision making, longer treatment time span and increased �nancial burden for both patients and
social insurance system.

The aim of this article is to assess the clinical characteristic and total costs for patients with open distal
tibial fractures treated in our trauma center, speci�cally to analyze the cost-effectiveness ratio and
incremental cost-effectiveness ratio of intramedullary nailing versus locking compression plate for the
treatment of open distal tibial fractures.

Materials And Methods
Study design

The inclusion criteria were patients aged over 14 years old, diagnosed as open distal tibial fractures, AO
classi�cation as type 43-A, no vascular or nerve injuries, �nal implant option is intramedullary nailing or
plate with screws, complete clinical demographic and radiographic data, the exclusion criteria were
pathological fractures, polytrauma patients and incomplete clinical demographic and radiographic data.

A single-center, case control, retrospective study was conducted at Lower Limb Surgery Ward of
Traumatic Orthopedic Department Xi’an Honghui Hospital from January 2016 to January 2019. All
eligible data was collected and reviewed based on the system included; age, gender, mechanism of injury,
history of smoke and alcohol, comorbidity disease, AO classi�cation, Gustilo classi�cation, mangled
extremity severity score(MESS), days before operation, �nal treatment option, surgical duration,
intraoperative bleeding loss, length of stay, complications, Johner-Wruhs criteria[7], total cost within 1
year after surgery (including hospitalization expenses and postoperative rehabilitation or follow-up
expenses).

All the patients were divided into two groups based on the �nal treatment options: Group IMN and Group
LCP. Cost data for each case within 1 year after surgery were analyzed for the cost-effectiveness ratio
(CER)and incremental cost-effectiveness ratio (ICER) of IMN versus LCP. In our study we used the CER as
the average cost/ the excellent and good rate of Johner-Wruhs criteria*100, meaning the average cost for
every 1% of excellent and good rate in each group. The ICER was the difference of average cost between
the two groups/ the difference of excellent and good rate between the two groups*100, meaning how
much did it cost more for each 1% increasing of excellent and good rate in Group LCP compared with
Group IMN.

Surgical procedure
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Debridement surgery was performed after accomplishing the preoperative estimating by debriding all
contaminated and nonviable tissue. Irrigation volume depended on the severity of fracture with 3L for
type I, 6L for type II and 9L for type III fractures [8]. External �xation was performed as a temporizing
�xation and vacuum sealing drainage was used for temporary coverage between further debridement or
until �ap coverage. Second debridement surgery might be in progress within 24 to 48 hours. Whenever
the soft tissue viability or adequacy of debridement was questionable, further debridement would be
necessary to prevent infection before performing the �nal internal �xation [9]. The �nal �xation options
were variable depending on the soft tissue injury, the pattern of fracture and the experience of orthopedic
surgeon. When intramedullary nailing was applied for the �nal option (Fig.1), it was critical to
differentiate and correct the rotational deformity and angular malalignment during surgery [10]. However,
fractures associated with metaphysis fracture and soft tissue condition permitted the alternative option,
we might refer to minimally invasive plates and screws as the �nal �xation (Fig.2).

Statistical analysis

SPSS24.0 was used for all data analysis and P 0.05 selected as the threshold for statistical signi�cant. A
Pearson test for normality was conducted for all continuous data, and the continuous data with the
normal distribution was described in the form of mean ± standard deviation whereas the categorical data
was described in number of cases (percentage). The Student’s t-test was conducted for continuous
variables with the normal distribution and the Mann-Whitney U-test for those not with the normal
distribution. As for the categorical variables, the χ2 test was performed.

Outcomes

We enrolled 49 consecutive patients treated by intramedullary nail (Group IMN,28 cases) or plate (Group
LCP,21 cases) as the �nal treatment option. The excellent and good rate were 82.1% and 85.7%
respectively based on the Johner-Wruhs criteria.

Demographic result

The demographic data of the patients are shown in Table1, and there was no statistically signi�cant
difference between the two groups in terms of gender, age, history of smoke and alcohol, comorbidity
disease, injury mechanism, AO classi�cation, Gustilo classi�cation, mangled extremity severity score
(MESS). The comorbidity disease of the patients mainly included hypertension, diabetes and coronary
heart disease.

Perioperative result

The perioperative period data including injury to surgery interval, times of surgical debridement, �nal
treatment option, total surgical duration, total length of hospital stay, the onset of complications
including infection(surgical site, lung and urinary system), deep vein thrombosis, bedsore, compartment
syndrome, delayed union and nonunion are shown in Table 2. The total surgical duration and total
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intraoperative bleeding loss were signi�cant lower in Group IMN than in Group LCP, meanwhile no
statistically signi�cant difference of other variables was found between the two groups.

Economic analysis

The mean total cost within 1 year after surgery of Group IMN was (126435.90±39093.98) CNY and that
of Group LCP was (147834.60±56821.12) CNY, the cost of Group IMN was signi�cantly lower than that of
Group LCP. The principal outcome calculated was the incremental cost-effectiveness ratio (ICER), which is
the ratio of the difference in costs to the difference in excellent and good rate of Johner-Wruhs criteria
between the two groups in our study. The mean total cost for every 1% of excellent and good rate was
1540.02 CNY in the Group IMN, which was favored more than the Group LCP of 1725.02 CNY. Each 1%
increasing of excellent and good rate cost 5944.08 CNY more in Group LCP compared with Group IMN.

Discussion
Typically, open fractures are often associated with a higher incidence of infection, malunion and
nonunion as a result of the connection between fracture site and in vitro environment, and the prognosis
is always unpredictable when prompt and correct management is a substantial challenge for orthopedic
surgeon [11]. An ideal treatment for severe open fractures requires the comanagement of both senior
orthopedics and plastic surgeons [12].

The principal aim of treating complex open distal tibial fractures is to restore the alignment and extremity
function as good as possible, which results in higher treatment demand, longer treatment time span and
increased �nancial burden for both patients and social insurance system [13]. Thus we aim to assess the
total costs for patients with open distal tibial fractures treated in our trauma center, speci�cally to analyze
the cost-effectiveness ratio and incremental cost-effectiveness ratio of intramedullary nailing versus
locking compression plate for the treatment of open distal tibial fractures (type 43-A).

We consulted the cost-effectiveness method for economic analysis which is a form of economic analysis
using speci�c clinical treatment outcome measures (physiological parameters, functional status, quality-
adjusted life-year, etc.) as indicators to compare the relative costs and outcomes (effects) of different
courses of treatment, which applies economic principles, methods, and analytical techniques to evaluate
the clinical treatment outcomes and guide surgeon to choose a reasonable treatment option[14]. Several
studies also demonstrated its reliability for economic evaluation of speci�c treatment options [15]. We
chose the excellent and good rate of Johner-Wruhs criteria as the indicator in this article.

There are many different �nal management options for open distal tibial fractures after early surgical
debridement and fracture stabilization. The extent and condition of soft tissue is a prerequisite for any
management options [16,17]. Intramedullary nail is considered the optimal management choice in most
case scenario [6, 13, 18, 19], it is capable of providing early weight bearing and lower incidence of
malalignment with less interference in the soft tissue of fracture site. Currently the indications for the IMN
use is extending for distal tibial fractures with the improvement of nail design and application of a variety
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of the reduction techniques presented to minimize the malalignment such as poller screws and plate-
assistant reduction. Conventional plating techniques are not favored for open tibial fractures considering
the extensive soft tissue loss. However, minimal invasive plating techniques which could provide
mechanical stability and diminish the interference in the soft tissue to protect local blood supply
simultaneously have emerged and make the plates and screws �xation to be a supplement option when
it’s associated with open metaphysis or intra-articular fracture [20]. Different treatment options result in
different hospital costs.

In this article Group LCP had signi�cantly higher total surgical duration and intraoperative bleeding loss
than did Group IMN, which was decided by the unique operative techniques of the two different implant
options, the mainly affecting factors for prolonged surgical duration of Group LCP were longer duration
of fracture reduction and wound closure[1, 19, 20]. Meanwhile the intraoperative bleeding loss was
signi�cantly higher in Group LCP than in Group IMN when a tourniquet was performed for both groups,
whereas Wang et al found that the Hb loss, Hct loss and surgical duration were signi�cantly lower in
Group LCP than in Group IMN after taking the hidden blood loss into account[21]. We assumed that the
blood loss issue depends on the surgical duration, the experience and operation skills of orthopedic
surgeon. The amount of intraoperative bleeding loss increased with prolonged surgical duration, and lead
to prolonged hospitalization and an increase risk of wound infection [13], which implied the increasing of
hospital costs. No statistically signi�cant difference was found in the excellent and good rate between
the two groups and demonstrated that functional or anatomical reduction was obtained based on either
intramedullary nail or plate with screws, which provided an optimal prerequisite for rehabilitation.

The total cost in this article included hospitalization expenses and postoperative rehabilitation or follow-
up expenses. The total cost in Group IMN was signi�cantly lower than that in Group LCP, whereas the cost
of implant that used indicated no statistically signi�cantly difference between the two groups, speci�cally
the difference mainly exists in the nursing, drug and other adjuvant therapy between the two groups. We
assumed that when performing plates for patients with type 43-A open fractures, more concerns about
the soft tissue condition for the orthopedic surgeon arose which resulted in more therapy strategies
applying to decrease the possibility of any soft tissue associated complications, thus leading to a higher
cost for Group LCP. Moreover, due to treatment for comorbidity disease during perioperative period, the
hospitalization expenses for patients associated with comorbidities such as diabetes, hypertension and
coronary artery disease were higher[22], and smoke and alcohol history has a positive correlation with the
increasing incidence of complications[23], such as the higher incidence of infection, �ap failure, deep vein
thrombosis(DVT), delayed union and nonunion which always signi�es worse prognosis and higher
hospital cost[24]. There were 2 cases with postoperative surgical site infection in our study accepting
additional debridement surgery and changing of implants, 3 cases was transferred to department of
internal medicine for treatment of lung infection, 2 cases of the bedsore, 13 cases with onset of DVT and
7 of them were received inferior vena cava �lter implantation to decrease the risk of pulmonary embolism
because of the diameter of thrombosis were over 8mm, 2 case with delayed union �nally gained
radiographic union after performing the bone grafting. On the other hand, the postoperative rehabilitation
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or follow-up expenses depend on the �nancial condition of the family, the compliance of the patient and
the emphasis for the fracture healing.

There are also some lacks of our study which should be clari�ed. The sample size of our retrospective
study was relatively small that may enhance the probability of bias to the statistical results. Thus further
prospective studies with larger samples are required to validate our �ndings. Also we investigated the
total cost within just 1 year after surgery between the two groups, the time span could be longer since a
longer rehabilitation and follow-up indicated a more precise clinical outcomes and cost results for type
43-A open fractures.

Conclusion
The implants �xation decision making is always a substantial challenge for clinical orthopedic surgeon
to increase the clinical outcomes and decrease the �nancial burden for patients. Here we consider both
the IMN and LCP could provide a satisfactory outcome for open distal tibial fractures. However, the IMN
was a more cost-effective management than LCP when the economic analysis was included.

Abbreviation
IMN: intramedullary nailing, LCP: locking compression plate, CNY: Chinese Yuan, MESS: mangled
extremity severity score, CER: cost-effectiveness ratio, ICER: incremental cost-effectiveness ratio, DVT:
deep vein thrombosis.
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Table 1: The demographic data between the two groups.

Characteristics Group IMN Group LCP p

Number of patients 28 21  

Gender(male/female) 24/4 17/4 0.655

Age(year) 49.0±10.6 53.4±14.7 0.698

History of smoke and alcohol(yes/no) 21/7 13/8 0.325

Comorbidity disease(yes/no) 7/21 5/16 0.924

Injury mechanism      

   Tra�c accident 18 9 0.136

   Other 10 12  

AO classi�cation      

   Type 43-A1 3 2 0.801

Type 43-A2 12 11  

Type 43-A3 13 8  

Gustilo classi�cation      

   Type I 1 4 0.137

   Type II 12 10  

   Type III 15 7  

Mess 5.43±0.79 5.07±0.92 0.390
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Table 2: Comparison of Injury to surgery interval, times of debridement surgery, surgical
duration, intraoperative bleeding loss, length of hospital stay, complications, excellent and

good rate, average costs between the two groups.

Characteristics Group IMN Group LCP p

Injury to surgery interval(h) 11.86±6.59 11.43±3.69 0.849

Times of surgical debridement 1.57±0.79 2.00±1.04 0.350

Total surgical duration(min) 247.50±57.94 350.00±178.77 0.017

Intraoperative bleeding loss(ml) 243.18±118.82 467.86±490.53 0.046

Total length of hospital stay(d) 14.3±6.3 15.9±4.7 0.625

Complications 13(46.4%) 9(42.9%) 0.804

Excellent and good rate 23(82.1%) 18(85.7%) 0.738

Average costs (CNY) 126435.90±39093.98 147834.60±56821.12 0.048

Figures
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Figure 1

The IMN �xation for open distal tibial fracture. The patient is a 47-year-old male, tra�c accident injury
causing left calf pain and limited activity. a wound appearance, b.c preoperative AP and lateral X-ray, d.e
AP and lateral X-ray after temporary external �xation between debridement surgeries, f.g AP and lateral X-
ray after intramedullary nailing �xation.
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Figure 2

The LCP �xation for open distal tibial fracture. The patient is a 61-year-old female, tra�c accident injury
causing left calf pain and limited activity, a wound appearance, b.c preoperative AP and lateral X-ray, d.e
AP and lateral X-ray after temporary external �xation between debridement surgeries, f.g AP and lateral X-
ray after plate and screws �xation.


