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Necrotizing fasciitis (NF) is a life-threatening soft tissue in-
fection characterized by a rapidly spreading infection of  the 

subcutaneous tissue and in particular the fascia. Early diagnosis 
and radical surgical debridement are required. Surgery is indicated 
if  NF is clinically suspected and must not be delayed by diagnosis 
in order to reduce mortality. We report a case of  NF following 
surgery of  an acral melanoma.1,2

 A 73-year-old patient, with a history of  type 2 diabetes 
with a poor glycemic balance, was diagnosed with acral non meta-
static pigmented melanoma of  the fifth toe (Figure 1) and under-
went surgery to excise the tumor. He was seen 10-days later with a 
painful and acute red leg along with signs of  sepsis (fever, hypoten-
sion, tachycardia). Dermatological examination found an ill-limited 
oedematous erythematosus leg with large phlyctenes and necrotic 
areas extending from the back of  the foot to the left leg (Figure 2). 
Palpation of  the leg found crepitus and hypoesthetic zones. The 
member’s X-ray showed an infiltration of  the soft parts of  the leg 

with the presence of  air bubbles (Figure 3). As the diagnosis of  
necrotizing fasciitis was highly suspected, the patient underwent 
surgery (Figure 4) for an discharge aponevrotomy. He died hours 
later due to a septic shock.

Figure 1. Pigmented Tumor of the Fifth Toe

Figure 2. Oedematous Erythematosus Leg with Large Phlyctenes and Necrosis

Figure 3. X-ray of the Leg Showing Air Bubbles
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INTRODUCTION

Fracture-dislocations of  the proximal humerus (PH) with frag-
mentation and destruction of  the tubercle zone are rare among 

all fractures of  the PH, but they account for up to 58.3% of  frac-

ture-dislocations of  all localizations.1,2 Fracture-dislocations result 
from excessive force of  the traumatizing agent and overstrain of  
muscles counteracting trauma that lead together to the fracture of  
the proximal metaepiphysis of  the humerus and to the dislocation 
of  its head from the articular cavity.3 This type of  damage is the 

 ABSTRACT
Aim
The study was aimed to assess the results of  treatment for fracture-dislocations of  the proximal humerus (PH) within different 
time frames for optimizing treatment tactics.
Patients and Methods
This retrospective cohort study evaluated clinical outcomes of  25 patients with fracture-dislocations of  the PH (15 patients were 
analyzed for short- and medium-term results, and 10 – for long-term results). The follow-up period ranged from 1 to 9-years. All 
patients underwent: clinical examination, constant score assessment and shoulder X-ray examination. Clinical, radiological and 
statistical methods were used for analysis.
Results
Assessment of  the degree of  initial displacement of  tubercles and its impact on the results of  treatment showed that significantly 
better results were obtained in case of  displacement no more than 10 mm (p=0.041). Patients with displacement no more than 
10 mm had an average score of  68.0±16.1 points (Mean=69.5), while those with displacement of  the tubercle(s) exceeding 10 
mm had an average score of  49.5±19.5 points (Mean=44). Analysis of  the results of  treatment showed that the delay in restoring 
normal anatomy of  the PH or avoiding surgical interventions at all led to functional disorders of  the shoulder joint. It was also 
demonstrated that neither patients, nor doctors were satisfied with the outcomes of  the unipolar shoulder replacement (USR). 
Based on the results of  the study, we proposed an algorithm for determining the tactics of  surgical treatment in cases when a 
fracture-dislocation of  the PH with complete dislocation of  the fragment involving the articular surface of  the humeral head is 
diagnosed.
Conclusion
The present study demonstrated some factors affecting the outcomes of  treatment for fracture-dislocations of  the PH. Current 
approaches for endoprosthesis replacement in these cases remain debatable and require further investigation.

Keywords
Trauma; Fracture; Shoulder joint; Fracture-dislocation of  the proximal humerus.
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severest with regard not only to the bone tissue of  the humerus 
and scapula, but also to periarticular tissues, joint capsule, tendons 
and muscles of  the rotator cuff, the tendon of  the long head of  
the biceps, and it often causes adverse consequences for the func-
tion of  the joint and the limb as a whole.4-7 All patients with frac-
ture-dislocations are a priori considered a high-risk group for the 
development of  aseptic (ischemic) necrosis of  the humeral head. 
Radiological criteria for ischemia were formulated by Hertel et al,8 
and, according to him all patients with fracture-dislocations of  the 
PH have radiological signs of  the rupture of  the respective arc that 
predicts ischemia.

 There are no unified approaches to the treatment of  frac-
ture-dislocations of  the PH in the scientific literature, and the data 
obtained by different researchers are contradictory. Along with the 
growing relevance of  shoulder joint replacement in the treatment 
of  fracture-dislocations of  the PH, it is believed that ischemia of  
the humeral head is associated with worse results after surgical 
treatment of  this particular type of  injury.9,10 In a randomized trial, 
Olerud P et al11 did not find any statistically significant differences 
in the results of  endoprosthetics and conservative treatment ob-
served one year after the injury. The relative rarity and the severity 
of  the course of  fracture-dislocations of  the PH explain the diffi-
culties related to perception and implementation of  the proposed 
in the literature treatment algorithms, which could hardly be used 
in the routine work of  trauma centers.
  
 The study was aimed to assess the results of  treatment 
for fracture-dislocations of  the PH within different time frames 
for optimizing treatment tactics.

 Objectives of  the study are: 1. To analyze currently used 
treatment options for fracture-dislocations of  the PH and time 
from injury to surgery in the context of  short- and medium-term 
results and complications; 2. To investigate anatomical factors af-
fecting functional outcomes of  treatment; 3. To assess long-term 
functional outcomes of  treatment for fracture-dislocations of  the 
PH; 4. To develop a practical algorithm facilitating decision-mak-
ing in treatment of  fracture-dislocations of  the PH on the basis of  
the obtained data.

PATIENTS AND METHODS

This retrospective cohort study evaluated clinical outcomes of  25 
patients with fracture-dislocations of  the PH (15 patients were 
analyzed for short- and medium-term results, and 10 – for long-
term results).

 At the first stage of  this retrospective study, we formed a 
clinical group consisting of  15 patients with fracture-dislocations 
of  the PH who were treated at the Russian Scientific Research In-
stitute of  Traumatology and Orthopedics and at general hospitals 
in St. Petersburg, Russia during the period from 2005 to 2016 (the 
patients received specialized care between 6-hours and 14-days 
after the injury). This group (with B3, C3.2 and C3.3 fractures 
according to the Arbeitsgemeinschaft für Osteosynthesefragen/ 
Association of  the Study of  Internal Fixation (AO/ASIF) fracture 

classification) included 11 women aged 66.0±8.5-years and 4 men 
aged 52.2±12.5-years. When recruiting patients to this group, we 
deliberately did not include those with the simplest and the most 
prevalent combination of  fracture and dislocation of  the shoulder, 
namely dislocation of  the shoulder with the fracture of  the greater 
tuberosity (type 11-A1.3 fractures according to the AO classifica-
tion), since this type is not of  interest in terms of  justifying the 
rational choice of  treatment tactics.

 At the second stage, conducted at the same hospitals in 
St. Petersburg, Russia. Ten cases were analyzed for long-term re-
sults of  treatment for fracture-dislocations of  the PH. All patients 
were treated during the period from 2005 to 2014, and the fol-
low-up period ranged from 1 to 9-years.

 All patients underwent: clinical examination, question-
naire survey (100-points Constant score), and shoulder X-ray in 2 
views. Cortical index indicating the relative thickness of  the cortex 
in relation to the total shaft diameter was calculated. Twelve copies 
of  inpatient medical records (discharge summaries) and outpatient 
records were analyzed. 

 The studied groups were comparable with respect to di-
agnosis, cortical index, types and initial magnitude of  bone frag-
ments displacement and other studied parameters.

 Data were analyzed using free software: past and instat. 
non-parametric wilcoxon test was used to compare the pre-opera-
tive and post-operative values within each group. Mann-Whitney u 
test for independent samples was used to compare patient charac-
teristics, follow-up, clinical scores, and radiographic data. All statis-
tical tests were performed 2-sided. Statistical significance was set at 
p<0.05.

 All patients gave written informed consent for the use of  
their data for research purposes at the beginning of  the data collec-
tion process. Ethical approval was granted for utilizing the dataset 
for research purposes by the Ethic Committee of  Russian Scien-
tific Research Institute of  Traumatology and Orthopedics named 
after R. R. Vreden.

RESULTS AND DISCUSSION

Analysis of Short- and Medium-Term Results of Treatment for 
Fracture-Dislocations of the PH

According to the types of  treatment the clinical group was divided 
into the following subgroups: conservative therapy without surgery 
− 5 patients, surgical treatment − 10 patients, including 4 cases 
of  extra-cortical osteosynthesis and 1 case of  open reduction fol-
lowed by osteosynthesis of  the PH with the use of  two spokes and 
cerclage wiring (according to Weber’s method). This particular case 
of  osteosynthesis was included in the group of  patients treated 
with the use of  extra-cortical osteosynthesis. Two patients under-
went closed reduction and blocking intramedullary osteosynthesis, 
and 3 patients underwent unipolar shoulder replacement (USR). 
The composition of  the group of  patients with fracture-disloca-
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tions of  the PH who underwent surgery is presented in the table, 
which shows the types and shapes of  the implants used, as well as 
their quantitative characteristics (Table 1). The standard deltoide-
opectoral approach was used to perform plate osteosynthesis and 
arthroplasty. In patients who underwent blocking intramedullary 
osteosynthesis, the anterolateral mini-open surgical approach was 
used. In this case, the closed reposition of  the fragments and the 
closed reduction of  the dislocation were performed under X-ray 
control (C-arm) and achieved by manual “pushing” the head of  
the humerus out of  the armpit, followed by the manipulations with 
the spokes (Steinmann pin), until the restoration of  the correct 
relationships in the shoulder joint. When fragmentation of  the tu-
bercle zone (the area of  tuberosity) was detected, the tendons of  
the rotator cuff  were fixed (sutured) to the bone fragments. Other 
technical details of  these standard manipulations have been de-
scribed in many recent publications and manuals.

 The average blood loss during the surgical treatment 
of  fracture-dislocations of  the PH amounted to 240.0±65.8 ml. 
Comparison of  the amount of  blood loss during different surgical 
operations revealed similar values for both types of  osteosynthesis 
and higher values for shoulder replacement. The difference be-
tween the values varied up to 100 ml. Low levels of  blood loss in 
case of  fracture-dislocations of  the PH could be explained by the 
absence of  traumatic injuries of  the major vessels due to the dis-
location of  the bone fragments or to the iatrogenic damage during 
the process of  reduction.

 The average duration of  the surgical operation of  the dis-
cussed type amounted to 84.5±30.0-minutes (Me=80). The “fast-
est” surgical method of  restoring normal anatomy of  the PH, as 
a matter of  course, was open reduction of  bone fragments with 
extra-cortical osteosynthesis (61.0±15.5-minutes (Me=55)), and 
the “slowest” one was blocking intramedullary osteosynthesis, 
which required twice as much time on average (125±7-minutes 
(Me=125)). The average duration of  USR in case of  fracture-dis-
locations of  the PH amounted to 96.7±17.5-minutes (Me=95).

 Among the patients of  the studied group, there were no 
vascular disorders related to the compression of  the neurovascular 
bundle, but in 3 cases (20%) we observed neurological disorders 
(brachial plexopathy). According to descriptive statistics, the aver-
age length of  pre-operative hospital stay in case of  patients with 
the studied traumatic pathology who underwent surgery amounted 
to 3.75±2.90-days (Me=3), and the values varied from 1 to 11-

days. Only 3 patients underwent surgical treatment within the first 
24-hours, and 3 patients more between 24 and 48-hours. With-
in the first week after the injury, 5 more patients were operated. 
Analysis of  the results obtained with the use of  the constant scale 
revealed that among the patients operated within the first 48-hours 
the average score was 69.0±22.3 points (Me=71), while in patients 
operated later, during the interval between 3 and 7-days, the aver-
age score was 50.4±9.0 points (Me=50). It is noteworthy that bet-
ter results of  restoration of  the shoulder function were observed 
in patients who underwent osteosynthesis within the first 24-hours 
after the injury (Figure 1).

 The subgroup of  patients who were treated conserv-
atively included 4 women aged 69.0±7.5-years and 1 man-aged 
76-years. All these individuals had absolute indications for a surgi-
cal intervention from the orthopedist’s point of  view, but they did 
not undergo it due to the absolute contraindications (severe so-
matic illnesses). Surgical interventions were not performed on the 
basis of  internists’ and/or anesthesiologists’ consultative medical 
reports indicating extremely high-risks of  death during the surgery 
or anesthesia. In the presence of  absolute contraindications, the 
reposition of  the fragments and the reduction of  the dislocation 
were not performed. The injured limb was immobilized with a soft 
bandage (sling) until the pain was relieved, and then rehabilitation 
was initiated. The average score for conservatively treated patients 
amounted to 34.0±8.0, and these unsatisfactory functional results 
were predictable. 

 Among the anatomical factors affecting the outcome of  
treatment, in our opinion, the most important types of  fragment 
displacement were as follows: displacement of  tubercles and the 
distance of  their displacement from their physiological localiza-
tion, damage and displacement of  fragments at the level of  the 
anatomical neck, fracture of  the fragment involving the articular 
surface, the value of  cortical index. Displacement at the level of  
the surgical neck in combination with the angular deviation of  the 
fragments or without it, in the presence of  a non-reduced disloca-
tion of  the fragment involving the articular surface, was not signif-
icant for predicting unfavorable outcomes of  treatment.

Table 1. Data on the Surgical Hardware Used in the Course of Surgical 
Treatment of Patients with Fracture-Dislocations of the PH

Type Number 
of Patients

Plates with angular stability of screws (LCP type) 2

Plates without angular stability screws (DCP type):
T- and L-shaped 2

Spokes and wire cerclage 1

Intramedullary locking nails 2

Unipolar prostheses 3

Total 10

Figure 1. Distribution of the Average Values of the Constant Outcome Score in Patients with 
Fracture-dislocations of the PH Operated within Different Periods of Time after the Injury. 
Group 1 - within the First 48-hours, Group 2 - During the Interval between 3 and 7-days
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 Assessment of  the degree of  initial displacement of  tu-
bercles and its impact on the results of  treatment showed that sig-
nificantly better results were obtained in case of  displacement no 
more than 10 mm (p=0.041). Patients with displacement no more 
than 10 mm had an average score of  68.0±16.1 points (Me=69.5), 
while those with displacement of  the tubercle(s) exceeding 10 mm 
had an average score of  49.5±19.5 points (Me=44).

 Among the patients of  the studied group, in 6 (40%) cas-
es the fracture line did not pass through the articular surface of  
the humeral head, and in the remaining 9 (60%) cases the damage 
affected the fragment involving the articular surface. The results 
of  treatment were dependent on this factor with a difference in 
the median values of  the score up to 10 points in favor of  the sub-
group with an intact articular surface. Similar data were obtained 
when comparing the scores of  patients who had fracture-disloca-
tions with the fracture line passing at the level of  the anatomical 
neck of  the humerus.

 As a next step, the impact of  the value of  the cortical 
index was considered. Its values were not significantly different in 
the compared groups (p=0.1). However, the values of  the cortical 
index were linked to the score values. In patients with low cortical 
index values (less than 5 mm), the average score was unexpected-
ly higher than in those with high index values - 68.8±19.1 points 
(Me=70) and 47.3±19.9 points (Me=47), respectively. When ex-
plaining these findings, it is necessary to take into account that 
lower scores in patients with cortical index values exceeding 5 mm 
resulted from the fact that 4 out of  6 patients did not underwent 
any reduction, and, consequently, the dislocation of  the shoulder 
persisted. The remaining two patients obtained satisfactory scores 
of  67 and 72 points.

 Analysis of  the results of  treatment for fracture-disloca-
tions of  the PH allows us to conclude that the delay in restoring 
normal anatomy of  the PH or avoiding surgical interventions at all 
lead to functional disorders of  the shoulder joint.

 Unipolar shoulder replacement, as a method of  treating 
fracture-dislocations of  the PH, should not be a unified way of  
solving the problem, since the results obtained in case of  physically 
active patients do not always meet their needs. Comparison of  the 
function scores in the medium and long-term revealed that pa-
tients who underwent osteosynthesis had similar satisfactory score 
values, while those after USR had low values. 

Analysis of Long-Term Results of Treatment for Fracture-Dislo-
cations of the PH

In the group analyzed for long-term results of  treatment, all 10 
patients underwent shoulder hemiarthroplasty.

 The analysis of  the results showed that the average score 
in this group was high and amounted to 75.9±13.6, with the medi-
an value equal to 76 points. 

 Relatively high score values in our study could be ex-
plained mainly by the low-level of  pain intensity in the setting of  

a relatively small amplitude of  movement, which had been also 
reported in other studies.13

Analysis of Treatment-Related Complications in Patients with 
Fresh Closed Fracture-Dislocations of the PH

In 1970, one of  the founders of  the shoulder surgery, Neer,14 wrote 
that a patient with a comminuted fracture-dislocation of  the PH 
should be considered a potential candidate for shoulder replace-
ment. This postulate had a strong underlying evidence base, stem-
ming from investigating a large sample of  patients and in-depth 
analysis of  the outcomes and complications of  treatment with the 
use of  other methods. For this reason, in our study we did not aim 
to prove the benefits of  one or another method for treatment of  
comminuted fracture-dislocations of  the PH.

 As mentioned above, osteosynthesis was performed in 7 
clinical cases, and USR – in 3 cases. Patients, who underwent oste-
osynthesis, despite a relatively high rate of  complications (71.4%), 
had better score values: 69.3±17.5 points (Mean=72) vs. 52.3±11.7 
points (Mean=50).

 Such a high rate of  complications following osteosyn-
thesis resulted not only from the complex architectonics of  tissue 
damage, the high-risk of  neurovascular bundle damage and corre-
sponding difficulties in performing an accurate reduction of  frag-
ments, but also from post-operative problems. These may include 
heterotopic ossification of  the tendons of  the rotator cuff  of  the 
shoulder. This complication was not found in any of  the observed 
clinical groups of  patients, and it is rare, according to the modern 
literature.15

 The most serious and irreversible complication following 
treatment of  fracture-dislocations, posttraumatic avascular necro-
sis, was detected in 3 out of  15 patients (20% of  cases). Among 
them, there were 2 cases of  necrosis after conservative treatment 
without reduction of  the deformity and reposition of  bone frag-
ments.

Algorithm for Choosing the Optimal Treatment Tactics for
Patients with Fresh Closed Fracture-Dislocations of the PH

Based on the results of  the study, we propose the following al-
gorithm for determining the tactics of  surgical treatment in cases 
when a fracture-dislocation of  the PH with complete dislocation 
of  the fragment involving the articular surface of  the humeral head 
from the articular cavity of  the scapula is diagnosed (Figure 2). 

 It should be taken into account that the tactics of  con-
servative treatment in such cases is bound to a pronounced deficit 
in shoulder function and patients’ dissatisfaction with the results 
of  treatment.

 The algorithm of  choice of  the therapeutic tactics in case 
of  the considered severe injuries lies in a phased and sequential 
evaluation of  clinical and X-ray indicators. The time elapsed since 
the injury should be the key clinical indicator for the choice of  
treatment. If  it exceeds two days, it is advisable to choose shoul-
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der joint replacement as the optimal method of  surgical treatment, 
since irreversible ischemic changes in the humeral head can lead 
to unsatisfactory results and require delayed arthroplasty of  the 
injured joint in the future.

 At the second stage, it is necessary to make a radiographic 
assessment of  the presence of  damage to the fragment involv-
ing the articular surface of  the humeral head. Radiography of  the 
shoulder joint in two standard views does not always allow to ob-
tain reliable information. Therefore, a computerized tomography 
(CT) scan may be required in some cases. If  the fracture of  the 
fragment involving the articular surface of  the humerus (with its 
fragmentation or without it) is confirmed, the most predictable 
and favorable result of  treatment can be obtained by shoulder joint 
replacement.

 The issue of  shoulder joint replacement surgery in treat-
ment of  patients with fracture-dislocations of  the PH remains 
debatable. The results of  our study showed that neither patients, 
nor doctors were satisfied with the outcomes of  USR. Thus, in 
our opinion, the USR technique does not provide good function-
al results in most cases, due to the complexity of  intra-operative 
restoration of  anatomy of  the tubercle zone of  the PH and ten-
dons of  the rotator cuff  of  the shoulder joint. However, this type 
of  surgical treatment allows reducing the level of  pain in patients 
with low functional demands for the operated limb and is the most 
preferable for the elderly. For patients with high physical demands 
to the function of  the shoulder joint and a professional need to 
perform hard physical labor, shoulder replacement can be chosen 
only in cases of  terminal destruction of  the PH. Also, in our opin-
ion, USR in this situation should be reconsidered in favor of  the 
reverse total shoulder replacement. In cases when the time from 
injury does not exceed 48-hours and there is no fragmentation of  
the fragment involving the articular surface of  the humerus, it is 
advisable to perform an organ-preserving operation of  forcible re-
duction of  the dislocation and osteosynthesis of  the fracture by 
any of  the available modern methods.

 As for young and middle-aged patients with high func-
tional demands, in cases of  terminal and irreparable damage of  
the PH, the choice of  this type of  endoprosthesiсs, in our opinion, 
should be reconsidered in favor of  the use of  modern reversible 
endoprostheses.

 One of  the limitations of  our study is the small num-
ber of  observations. The retrospective nature of  the study and the 
rarity of  the discussed type of  injury did not allow us to exclude 
or control confounding variables. Non-consistent treatment and 
follow-up could also affect the results of  the study. However, we 
believe that our data described above contribute to the understand-
ing of  the problems associated with treatment for fracture-disloca-
tions of  the PH.

CONCLUSION

Analysis of  treatment outcomes of  15 patients with multifragmen-
tal fracture-dislocations of  the PH showed that the most signif-
icant factors affecting clinical results of  treatment were the time 
from injury to surgery (less or more than 48-hours) and the degree 
of  fragmentation of  the bone fragment involving the articular sur-
face of  the humeral head. Significantly better results were obtained 
when the magnitude of  the displacement of  tubercles did not 
exceed 10 mm. Since the outcomes of  USR were unsatisfactory, 
we suggest that it should be used only in cases of  terminal and 
irreparable damage of  the PH or in patients with low functional 
demands.
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INTRODUCTION

Background

By violation of  the underlying soft tissue which promotes con-
tamination (and communication) with the external environ-

ment, open, compound fractures, are considered orthopedic emer-
gencies. A break in the skin and exposure of  underlying soft tissue 
leads directly to open communication with the open environment 
Subsequent treatment of  gram-negative bacteria helps to reduce 
the bulk of  infections.

 The rate of  injuries and open fracture has increased in the 
last few years. According to the literature, about 11.5 per 100,000 
people in a year are facing an open fracture.1 Five percent (5%) of  
open fractures cases required specific and early treatment. More-
over, different complications are faced by the open fracture that 
includes bacterial infections, contractures, amputation, neuropathy, 
osteomyelitis, and loss of  movement. The high-risk of  infections 
is predicted in 60-70% of  cases. The etiology for infection at the 
injured site are exposure to the fracture site, the weak immune 
system of  the patient, introduction of  a foreign body, dead tis-
sue at the fracture site, and delayed treatment by late arrival to the 

 ABSTRACT
Background
Due to contamination, open fractures are considered to be dangerous and thereby require proper management. Through a sys-
tematic review and meta-analysis, this study compares the literature on pre-debridement and post-debridement cultures derived 
from such fracture sites.
Methods
Data for this review was collected through various online sources such as dataBASE (EMBASE), medical literature analysis and 
retrieval system online (MEDLINE) and different citations provided the relevant data.
Results
Twenty articles were included. The desired timing to examine the debridement was six hours post-injury (according to the six-
hour rule). Antibiotics including ampicillin, penicillin, cefazolin, cefuroxime, and flucloxacillin were used in some patients. The use 
of  Ancef  I as an antibiotic during the starting hours of  fracture helps to reduce the chances of  infection in 1.4% of  the infected 
patients. The infection rate was 3% in pre-debridement culture, while a 2% infection rate was found in post debridement culture. 
Gram-negative bacteria were responsible for pre-debridement infection, while gram-positive bacteria were responsible for post-
debridement.
Conclusion
The pre-debridement infection rates are reduced as compared to post-debridement when treatment is initiated within a strict time 
interval and limited to the specific use of  antibiotics. Treatment of  gram-negative bacteria helps to reduce the bulk of  infectious 
material and thereby reduces the infection rate.
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Open fractures; Debridement; Pre-debridement; Post-debridement; Meta- analysis; Systematic review.
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hospital.1 The growth of  microorganisms becomes favorable by 
the exposed subcutaneous tissue that provides a warm and favora-
ble environment for the development of  infection.2 These sites 
require immediate treatment; Surgical treatment with irrigation 
and debridement of  dead tissue along with any foreign material 
is removed.3 Treatment of  the open fracture is effective if  treated 
within the first six-hours post injury. The aforementioned is known 
as the six-hour rule. Byrd and colleagues4 demonstrated that ani-
mals have shown a quick healing process when the debridement 
of  the wound was performed within six-hours of  injury. The open 
fracture threshold required by tissue to cause infection and was 
determined and elaborated that this achieved by the tissue within 
5.17-hours of  injury. Once the threshold is achieved, it is difficult 
to heal a wound and a severe infection is expected.5 Other than 
this, intravenous antibiotics can likewise be used along with the 
proper dressing. The bone or soft-tissue coverage can be used in 
which grafting of  bone is done. The management of  fracture site 
becomes difficult if  an infection occurs as it results in delayed heal-
ing and an extensive treatment of  the fracture.6 The main objec-
tives for the management of  open fracture include the bone union 
by preventing infection for the restoration of  functions of  bone.

Problem Statement
 
Despite the fact that the management of  open fractures has been 
studied, a comparative study of  pre-post-debridement cultures on 
the open fractures through meta-analysis has not been attempted.7 
Accordingly, this research is conducted to understand the compar-
ison of  pre/post-debridement treatment in open fractures through 
meta-analysis to find out the effectiveness of  both methods in the 
management of  open fractures. Although, different studies have 
been completed in the past for the management of  open fractures 
all those methods were for the determination of  the effectiveness 
of  different management techniques for open fractures.8 This pa-
per will demonstrate the comparison of  pre- and post-debride-
ment cultures by using different indicators in addressing open 
fractures. Previously, different studies have been taken place for 
the management of  open fractures but none of  them deals with 
the effect of  debridement timing on open fracture management 
through meta-analysis.9 This study aims to predict the infection 
rate according to time of  culture, the effect of  pre-debridement 
and post-debridement cultures on the open fracture and its effect 
on infection, thereby providing added insight in the attempt of  
healing the fracture and control of  the infection. This study eval-
uates the study of  comparative impact of  pre-debridement and 
post-debridement cultures on open fractures.

Research Objectives

This study has different objectives to understand the efficiency of  
healing of  fractures by pre-debridement and post-debridement 
surgeries. The following are the main objectives of  the study.

1. Analysis of  the effective treatments for the management of  
open fractures.
2. Analysis of  the impact of  pre/post-debridement culture in 
open fractures of  the extremities through meta-analysis.

Practical Significance of the Study

The practical significance of  this study is to help the surgeon re-
garding the debridement approach and to analyze the operative 
time of  debridement for effective healing of  the fracture. In brief, 
it will help to effectively deal with such orthopedic emergencies.

Open Fracture Management

Several studies have been done to investigate different approaches 
for the management of  open fractures. These include irrigation 
and debridement, use of  antibiotics, soft tissue and bone coverage, 
and stabilization of  bone fragments.10 Therefore, the management 
within six hours of  injury can lessen the chances of  infection and 
help with healing. Thus, a study was undertaken to observe the 
effect of  timing of  injury on the infection rate and timing to close 
the open fracture. The patients of  both genders with leg fractures 
were studied. Accordingly, it seems that there was no correlation 
between the infection and cause of  fracture, the time of  debride-
ment after an injury, as well as gender or age.11 Besides, there was 
a stronger correlation of  infection with pre-debridement culture 
than post-debridement culture. Finally, they concluded that there 
was better sensitivity for the detection of  infections in pre-debride-
ment cultures, while more specificity was present for post-debride-
ment cultures.12

Relation Between Timing of Debridement and Infection Causing 
Microorganism

A recent study has shown the relation of  infection rate with the 
timing of  debridement and infection-causing microorganisms.13 
Collectively, colleagues investigated a pilot project of  comparison 
between the infection and bacterial flora. Besides, the pre-debride-
ment wounds were obtained within the six hours of  injury while 
post-debridement was obtained after 48-hours of  injury during a 
follow-up period. The study recorded about 56% of  patients who 
were contaminated with specifically coagulase-positive staphylo-
cocci such as Staphylococcus aureus during pre-debridement culture, 
while 44% of  post-debridement patients developed an infection 
during the follow-up period. The medical condition and open frac-
ture grade were not affected by post-operative infections. There 
were no infections by a similar organism in post-operative infec-
tions.13 But, the details of  infectious microorganisms were not dis-
cussed in the study. A finding from Zhu et al14 determined that 
the effect of  bacteria in open fractures infection was contaminated 
with seawater. The Gustilo-Anderson Type II and III open fracture 
patients with seawater contamination got a higher infection rate 
compared to others. Medications like ciprofloxacin and levofloxa-
cin were effective for about 90% of  pathogens. The treatment of  
open fractures contaminated with seawater was effective by ceph-
alosporin with a quinolone.14 However, it has been demonstrated 
that the rate of  infection Type II and III open fractures are higher 
compared to Type I.15

Relation of Infection Rate and Pre-Debridement Surgery

Different researchers have investigated the relation of  infection 

http://dx.doi.org/10.17140/ORTOJ-5-118


Yu B et al

Orthop Res Traumatol Open J. 2020; 5(1): 9-16. doi: 10.17140/ORTOJ-5-118

rate and pre-debridement surgery of  open fractures within six-
hours after injury.16 Studies have detailed the infection pattern and 
effect of  antibiotics in growing infections and infection-causing 
microorganisms in pre- and post-debridement surgeries. A study 
was prepared with 98 patients to observe the effect of  infection 
time by pre- and post-debridement surgeries. The follow-up of  
14-days was maintained for post-debridement surgery. The re-
sults showed that about fifty-two samples of  pre-debridement 
treatment showed infections by Staphylococcus aureus. The infection 
rate was 58.9% after the 14-days follow-up.16 However, there were 
no similar organisms that were causing the infections in pre- and 
post-debridement surgeries.

Relation of Infection Rate and Post-Debridement Surgery

In the past, different studies have been conducted for determining 
the effect of  infection rate on the post-debridement culture of  
open fractures. The study by Hull et al17 demonstrated the relation-
ship of  post-debridement culture and infection rate in different 
patients having open fractures. The mean time interval of  post-de-
bridement treatment for fracture was about 10.6-hours. The deep 
infections found were about 10%. Fifty five patients (Gustilo-An-
derson Grade I) with open fractures showed no infection after 
delay but after each delayed hour, there was an increase in deep 
infection rate for grade II and III injuries.

 The increase in infection rates concerning time showed a 
linear relationship. The bacterial contamination in open fractures 
was the main reason for deep infection. The post-debridement cul-
ture has a more adverse effect on the open fracture as compared 
to the pre-debridement culture. Delayed treatment is only effective 
when grade I infection occurs while contamination, higher grade 
of  fractures and other negative factors move towards the debride-
ment surgery.17 However, in this study, exact time after which the 
infection starts is not identified.

Relation of Pre- and Post-Debridement with the Infection Rate

The investigation of  the impact of  debridement in the treatment of  
open bone and infection rate was studied by different researchers.18 
The frequency of  culture, its time, and the organism that infected 
the fracture injury were necessary to predict a suitable antibiotic 
treatment for patients. A prospective study was done to study the 
different samples. During the pre-debridement period, significant 
growth was observed for 15% culture and the isolated species that 
was about 53% of  the total was Staphylococcus aureus while about 
41% cultures showed a specific growth during debridement peri-
od. It was estimated that about 53% pre-debridement patients and 
66% of  debridement patients developed post-operative infections. 
About 39% of  patients showed positive cultures that confirmed 
the presence of  post-operative infections. The pre-debridement 
and debridement cultures revealed a sensitivity of  21% and 69% 
respectively. The higher sensitivity in debridement culture showed 
high antimicrobial therapy.18 The comparison of  the efficacy of  
pre-debridement and post-debridement cultures in open fractures 
was completed.19 The results obtained by this comparison were 
based on the infection causing microorganism and the subsequent 
infection rate. The results indicated the sensitivity and specificity 

of  70% and 55% respectively in post-debridement culture while 
pre-debridement showed specificity and sensitivity of  24% and 
64% respectively.19 The post-debridement cultures have the most 
chances of  infection as compare to pre-debridement as shown in 
results gleaned by Nusbaum et al.20 This study investigates the ef-
ficiency comparison but does not explain the reason why post-de-
bridement culture showed more chances of  infection as compared 
to pre-debridement culture on open fractures. According to Bhatty 
et al,21 they evaluated the efficiency and role of  microorganisms in 
bacterial cultures on the fractured site. The pre- and post-debride-
ment and intra-operative wounds were collected and observed for 
detecting the infecting microorganisms. The infections caused at 
the initial stages were by the Gram-negative microorganisms while 
Gram-positive microorganisms were responsible for infections in 
delayed wounds. No infection was caused in pre-debridement cul-
tures. Several negative cultures revealed infections. It was conclud-
ed the growth of  microorganisms moved from negative to posi-
tive after the second week. This showed that the initial dressing or 
treatment within the first 24-hours is not an indicator for deter-
mining the infection in the pre- and post-debridement cultures,21 
and the study does not determine the actual indicators for causing 
infections.

Systematic Review of Infection Rate and Time of Debridement in 
Open Fractures

The systematic review of  debridement of  open fractures was done 
through meta-analysis to determine the time to debridement and 
infection rate. The evaluation was done by random trials and the 
quantitative data was obtained through meta-analysis. The results 
presented that no difference was observed in the infection rate by 
pre-debridement or post-debridement culture on open fractures. 
According to the pieces of  evidence obtained, infection depth 
and the Gustilo-Anderson classification, there was no difference 
in infection rate with early or late debridement. The six-hour rule 
treatment exhibited little significance in the literature and the in-
fection rate and delayed debridement have no association between 
them.1 However, additional studies are required to study the effect 
of  delayed debridement or post-debridement on the infection rate.

 Ibrahim et al22 performed a systematic review of  the lit-
erature by comparing the infection rate of  pre-debridement and 
post-debridement culture in an open fracture. A meta-analysis was 
done by using random models to analyze the effect of  infection in 
children with early debridement and late debridement. It was con-
cluded in this study that there was no link between the infection 
rate and post-debridement treatment. Similar results were obtained 
by the pre- and post-debridement cultures. However, pre-debride-
ment treatment was effective for children to prevent them from a 
high-risk of  infections. As the pre-debridement treatment helped 
in early healing of  injury.22 The systematic review performed by 
Ketonis et al23 determined the rate of  debridement time on in-
fection and the effectiveness of  antibiotics in the management of  
open fractures. The quantitative analysis was done and the compar-
ison of  the effect of  treatment and infection rate was performed 
through meta-analysis. Different references were used including 12 
articles showing 4.6% infectious patients out of  total cases. It was 
shown that a 4.2% infection rate was observed with pre-debride-
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ment culture according to six-hours’ rule while a 3.6% infection 
rate was observed with a post-debridement culture of  12-hours. 
Some studies did not indicate any relation between infection rate 
and debridement timing.23 It was concluded that somehow, anti-
biotics can be used to treat the infections. The timing of  debride-
ment did not change the rate of  infection but the rationale for this 
finding was not well explained in this study.

METHODOLOGY

Setting

The relevant data of  the open fracture was collected from the 
comprehensive research of  online sources, including Cochrane, 
Medline, Google Scholar, Excerpta medica dataBASE (EMBASE), 
computerized literature database, PubMed, and Scopus. The data 
collected was based on different types of  studies, including pro-
spective and retrospective. A prospective study included the study 
of  some specific object over a certain period and determining the 
factors affecting the object while a retrospective study involves the 
history and background of  the targeted object and its influence 
on the present study. Furthermore, the review articles that were 
missed by the electronic search were searched by the citations of  
different articles. The terms used for the search of  data were-de-
bridement, open fracture, management of  open fractures, pre-de-
bridement, post-debridement, bacterial culture, upper extremities, 
lower extremities, and infection rate.

Patients

The patients in this research present a wide variety of  open frac-
ture in different extremities, both genders, and classification of  
fracture, Chronic wounds such as venous or diabetic foot ulcers 
were excluded in this study bones.

 The inclusive criteria include (1) open fractures of  dif-
ferent extremities (2) infection rates (3) timing of  debridement 
(4) patients of  both genders and of  any age (5) staged healing 
of  wounds, (6) microorganisms that generated an infection, and 
(7) classification of  open fractures. Exclusive criteria was identi-
fied: (1) research work not meeting the research criteria (2) having 
closed fracture, (3) orthopedic care on animals (4) gunshot injuries 
or (5) having short bones (toes, fingers, thumbs).

Data Extraction

The data for the study was extracted from different articles, re-
view papers and research reports. The extracted data consists of  
the general information of  the article including the type of  study, 
year of  publication, gender, and age of  the patient, as well as the 
duration of  patient admittance, infection rate, classification of  an 
open fracture, and the management strategy for an open fracture.

 The quality of  information was assessed by analyzing in-
cluding a sampling, analysis, and interpretation of  data.

Data Synthesis

A meta-analysis was done by relating the individual effect of  

pre-debridement/post-debridement on the management of  open 
fracture and its comparison for investigating its efficiency over one 
another. The infection rate along with the debridement treatment 
was observed for open fractures. The analysis was done at different 
time intervals. The data was collected by the relationship between 
the effects of  the infection rate on debridement. 

RESULTS AND ANALYSIS

The initial results were obtained by different citations from Goog-
le Scholar, PubMed, EMBASE, Scopus, Medical literature analysis 
and retrieval system online (MEDLINE), and Cochrane. The sys-
tematic review of  the literature identified 118 relevant articles. Af-
ter excluding duplicate publications, 20 studies retained and were 
subjected to a preliminary screening (Figure 1). Only those articles 
in which the citations followed our research criteria were selected 
for inclusion in this study. This systematic review includes articles 
based on open fracture management and comparison of  pre-debr-

idement and posts-debridement cultures However, the compari-
son was based on the threshold of  the timing of  debridement to 
investigate its effects on the infection rate of  pre-debridement and 
post-debridement culture. The minimum timing to investigate the 
debridement was six-hours post injury (six-hour rule). The effect 
of  antibiotics in the debridement culture there has been identified. 
Different studies in the literature include the effect of  antibiotics 
in the debridement of  open fractures. Different respond different-
ly to antibiotics, thus changing the infection rate. The antibiotics 
include ampicillin, penicillin, cefazolin, cefuroxime, and flucloxa-
cillin. About five studies demonstrated the use of  antibiotics for 
treating infections. The different antibiotics used in different stud-
ies for determining its effect on infection rates are given in Table 1. 
However, there is the effect of  timing of  debridement along with 
antibiotics on the infection rate. In the past, different studies have 
been carried out to investigate the effect of  timing of  debridement 
on infection rate. Similarly, different studies have explained the ef-
fect of  the antibiotic on the infection rate.24 Table 1 demonstrates 
the different studies by linking the relation of  antibiotics along 
with the timing of  debridement on the infection rate. The use of  
Ancef  I as an antibiotic during the starting hours of  fracture helps 
in reducing the chances of  infection, thus showing only 1.4% of  
infection in patients. Similarly, the increase in time to treatment 
of  open fracture and post-debridement surgery can increase the 
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chances of  infection rate if  the antibiotic is not used with it.

Effect of Threshold Debridement Timing on Infection Rate

As most of  the data supports the importance of  the six-hour rule, 
different studies were conducted for determining the infection rate 
by considering the six-hours of  injury as threshold timing, a min-
imum time required by tissue to respond to contamination.33 For 
this, different studies are compared through meta-analysis for de-
termining the effect of  threshold timing on the infection rates of  
pre-debridement and post-debridement surgery.

 Naique et al34 considered the six-hour rule and fixed the 
threshold timing to 6-hours and investigated the effect on the in-
fection rate. It was found that only 7.1% of  patients were found 
to be infected if  treated by the pre-debridement surgery but the 
infection rate was 16% in post-debridement cultures. Similarly, the 
infection rate was determined35 by finding the relationship between 
threshold timing and debridement of  open fractures. The infection 
rate was 3% in pre-debridement culture while a 2% infection rate 
was found in post-debridement culture. The lesser rate of  infec-
tion in post-debridement culture shows the effect of  some other 

factors that were not investigated in this study. The summarization 
regarding the relationship between the rate of  infection and the 
time to debridement is given in Table 2. Moreover, different stud-
ies that followed the six-hour rule found that the pre-debridement 
infection rate was less as compared to post-debridement except 
in a few cases. Lower infection rates in post-debridement seem to 
have an effect of  selecting out microorganisms that were causing 
infections.

Determination of Isolates of Microorganisms from Pre- and 
Post-debridement Cultures

As the bacterial infection has undesirable results, so it is required to 
lessen the chances of  bacterial infection by taking different meas-
urements. For this, diagnosis is most important before treatment 
so proper steps can be initiated. Different studies have demonstrat-
ed that bacterial cultures affect the pre-debridement and post-de-
bridement treatment of  open fractures (Table 3). All these studies 
were taken at different years and different bacteria were isolated 
from the infection site. It was discovered that different bacteria 
were responsible for pre-debridement and post-debridement in-
fection. In most cases, the gram-negative bacteria were responsible 
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Table 1. Relation between Infection Rate and Timing of Debridement

Author Year Antibiotic 
Used

Timing to Debridement
Infection 
Rate (%) ReferencesPre-

Debridement
Post-

Debridement

Ng et al 2012 Cephazolin 23-hours 11.4% 25

Capo et al 2011 Ancef I Within 6-hours 1.4% 26

Bannasch et al 2010 Cefuroxime Within 8-hours 2.91% 27

Komorcu li et al 2008 Penicillin 24-hours 8.69% 28

Steverson et al 2003 Flucloaclin Within 12-hours 3.62% 29

Almeida et al 2013
Not
reported

26-hours 28% 30

Pollack et al 2010
Not
reported

Within 10-hours 27% 31

Mclain et al 1991 Not
reported Within 7-hours 11.11% 32

Table 2. Relation between Infection Rate and Time Threshold to Debridement

Author Year Time Thresh Old 
to Debridement

Infection Rate (%)

ReferencesPre-
Debridement

Post-
Debridement

Naique et al 2006 6-hours 7.1 16 34

Skaggs et al 2005 6-hours 3 2 35

Spencer et al 2004 6-hours 10.1 10.8 36

Khatood et al 2003 6-hours 16 20 37

Harley et al 2002 6-hours 8 7 38

Skaggs et al 2000 6-hours 2.5 6 39

Kindsfater et al 1995 6-hours 7 35 40

Parikh et al 1993 6-hours 9 3.4 41
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for pre-debridement infection while gram-positive bacteria were 
responsible for post-debridement infection.

 It was studied18 that the isolated microorganism from the 
fractured site was Staphylococcus aureus which showed the isolation 
of  14 and 9 from pre-debridement and posts debridement culture. 
Similar studies were undertaken place by different researchers in 
different years to determine the infection-causing organism. Dif-
ferent microorganisms respond differently to the fractured site and 
their growth rate depends on different factors.

DISCUSSION

This research paper represents the analysis of  different studies 
on the treatment of  open fracture through meta-analysis. There-
fore, we noted no direct relationship between infection rate and 
debridement culture. Thus, the comparison of  pre- and post-de-
bridement on open fracture was made, and it was found that 
post-debridement has more adverse infection rates compared to 
pre-debridement if  no antibiotic is used. In our study, data was ex-
tracted from the available literature regarding debridement timing 
and the antibiotic effect on the infection rate. Besides, the study 
includes fracture types, age, gender of  patients, and the number 
of  fractures. As we know, the management of  open fracture needs 
various treatments. Debridement continues to be the primary and 
essential step for the prevention of  infection from the fractured 
site. Once an infection starts, it is challenging to heal a wound by 
treating the infection. Various studies investigated the pre-debride-
ment and post-debridement effect on open fractures.
 
 Accordingly, antibiotic therapy helps to treat infections, 
but different antibiotics work in a different way to lessen the in-
fection rate. For this, eight studies of  different researchers were 
investigated to find the relation of  debridement on infection rate. 
It was singularly relevant that although the debridement timing ef-
fects the infection rate, antibiotics directly affect the infection rate 
along with debridement timing.29 The use of  flucloxacillin within 
twelve-hours of  injury revealed an infection rate of  3.62%.

 Eight research studies investigated the impact of  thresh-
old debridement as determined on the pre-debridement and 
post-debridement infection rates. Six out of  eight studies further 
investigated the correlation of  threshold timing of  debridement 
on the infection rate. Different pre-debridement and post-debride-
ment infection rates were observed at the threshold timing of  

six-hours. The results displayed that although the threshold tim-
ing might be the same there was a distinct difference in pre- and 
post-debridement infection rates and alluded to the fact that there 
was an underlying inter-dependence of  other intervening factors.

CONCLUSION

The systematic review through meta-analysis concludes the study 
that although the timing of  debridement and antibiotic effects of  
the infection rate, different factors also contribute to promoting or 
lessening infection rates. Pre-debridement culture has lesser effect 
on the infection rate then the post-debridement culture. Although 
infection-causing microorganism responds differently to pre- and 
post-debridement cultures. However, early treatment with debride-
ment for open fractures has a more positive effect on superficial, 
less bulky infections as well as contributing to early vigor and sta-
bilization of  the wound.

Implications of Our Review

Although, management of  open fracture by irrigation and debride-
ment should be the main concern, early debridement is not possible 
in some situations. In remote areas, there are no proper facilities to 
treat such injuries so it may result in post-debridement treatment 
rather than early. The movement of  a patient from a remote area 
to a nearby hospital with full facilities may result in late surgery that 
can have different consequences. Moreover, as these open frac-
tures are considered as orthopedic emergencies, these emergencies 
should be treated with proper facilities and management in hospi-
tals but improper treatment results in severe consequences.

 In our review, different indicators are compared to find 
the relation of  debridement timing and antibiotic with infection 
rate. Moreover, the effect of  microorganisms has also been studied 
on pre-debridement and post-debridement infection rates. So, the 
findings of  this review can be used to diagnose the causes of  in-
fections as well as the effective time before which treatment can be 
undertaken to prevent infections and to promote effective healing. 
The need for further studies relevant to this orthopedic emergency 
is important as a delay in the treatment of  open fractures results 
in severe consequences. This review, in advocating certain proto-
cols (adjusting the time to intervention and the extent of  antibiotic 
treatment) can help in delineating policy guidelines and can advo-
cate treatment protocols, that promote a successful management 
for open fractures.
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Table 3. Number of Isolates of Microorganisms from Pre-Debridement and Post-Debridement Culture

Author Year Bacteria

No. of isolates

ReferencesPre-
Debridement

Post-
Debridement

Adisesh Mangala et al 2018
Staphylococcus 
aureus 14 9 18

Shiraz Bhatty et al 2018 Acinitobacter 20 1 21

Fred Chuma et al 2017 Klebsilla 15 12 16

D’Souza et al 2008 Pseudomonas 7 5 12
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Future Directions

Although our study provides sufficient information regarding the 
pre-debridement and posts debridement analysis, there is still room 
to investigate different factors that are affecting the debridement 
culture on open fractures. Further investigations can be studied 
with regards to the timing of  debridement as it relates to the infec-
tion if  the bacterial growth is controlled. Moreover, the six-hour 
rule should always be considered to evaluate a threshold time for 
debridement. 
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Case Report

INTRODUCTION

Tibial plateau fractures account for 1-2% of  all fractures and 
are caused by a valgus or varus force and axial loading at the 

knee.1 The varying direction and magnitude of  forces applied and 
pre-existing quality of  patient’s bones results in a wide spectrum 
of  fracture patterns.2 Hohl et al3 reported that 55-70% of  tibial 
plateau fractures involve the lateral plateau and about 7% involve 
the posterolateral tibial plateau.

	 Tibial	plateau	fractures	are	classified	by	either	the	more	
complex and precise Arbeitsgemeinschaft für Osteosynthesefra-
gen/Orthopaedic Trauma Association (AO/OTA) system or the 
more reproducible and reliable Schatzker method.4-6 For the AO/
OTA system, the proximal tibia is coded as a 41 with further sub-
groupings based on intra-articular fractures with B1-3 for partial 
and C1-3 for complete involvement.6 The Schatzker method di-
vides tibial plateau fractures into 6 types: 1) split fracture of  the 
lateral plateau; 2) split depression of  the lateral plateau; 3) central 
depression of  the lateral plateau; 4) split of  the medial tibial pla-
teau; 5) bicondylar tibial plateau fracture OR; 6) tibial plateau frac-
ture with dissociation between the metaphysis and diaphysis.6 

 Surgical management is indicated if  articular step-off  is 
greater than 3 mm, condylar widening is greater than 5 mm, there 

is greater than 5° of  coronal alignment disruption, or there is in-
stability to varus and valgus stress of  the knee joint with the leg in 
extension.7 

 This report describes a unique injury pattern of  a right 
unicondylar lateral plateau fracture with dislocation and subse-
quent	relocation	of 	the	fibular	head,	resulting	in	a	large	shear	frag-
ment	 of 	 the	 plateau	 behind	 the	 spontaneously	 relocated	 fibular	
head, with entrapment of  an intact peroneal nerve. 

CASE REPORT
 
The patient is a 38-year-old female with a past medical history sig-
nificant	for	IV	drug	use,	cocaine	use,	hepatitis	C,	bipolar	disorder,	
anxiety and depression who presented post high-energy motor ve-
hicle	accident	 (MVA)	accident,	sustaining	many	 injuries.	She	was	
an unrestrained driver driving 100 mph, drove through a ditch, and 
was	launched	into	the	woods	30-40	feet	into	a	tree.	It	is	unknown	
if  she lost consciousness or if  she was intoxicated while driving. 
She was brought by ambulance to an outside hospital, where im-
aging was done on bilateral lower extremities, her bilateral ankles 
reduced and splinted and then transferred to an academic level one 
trauma hospital for further care. A healthcare proxy was unable to 
be discerned as her immediate family had all passed away, she was 
estranged from her extended family, and the patient was unable to 

 ABSTRACT
A majority of  tibial plateau fractures involve the lateral plateau. Posterolateral tibial plateau fractures are caused by a valgus force 
that impacts the posterolateral plateau against the lateral femoral condyle. We describe a unique case of  a patient who sustained a 
lateral	plateau	fracture	with	posterior	displacement	behind	a	fractured	fibular	head,	with	entrapment	of 	the	peroneal	nerve.	This	
unusual	fracture	pattern	required	dual	anterolateral	and	lateral	approach	for	reduction	and	fixation.	

Keywords
Tibial plateau; High energy; Fracture; Peroneal nerve entrapment.
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verify if  she had a spouse. 

 On physical examination, she appeared intoxicated with 
slurred speech and lethargy with waxing and waning arousabili-
ty. All her injuries were closed. She refused to cooperate with the 
motor examination but no foot drop observed. Bilateral lower ex-
tremities had sensation intact to light touch. There was an obvious 
valgus deformity of  the right knee with gross instability to valgus 
stress testing, intact to varus stress testing. She had bilateral ankle 
swelling and deformities but intact distal pulses, motor, and sensa-
tion. Her dorsalis pedis pulses were not palpable but were dopper-
able bilaterally. Her toes were warm and well-perfused. 

 Right leg X-rays (Figure 1) showed a comminuted later-
al tibial plateau fracture, and fractures of  the medial and lateral 
malleoli. Computerized tomography (CT) further, elucidating that 
the lateral tibial plateau fracture has posterior displacement and 
angulation of  the tibial articular surface fracture fragment which 
abutted the popliteal neurovascular bundle (Figure 2). 

 Computerized tomography views demonstrating lateral 
tibial plateau fracture with posterior displacement and angulation 
of  the tibial articular surface fracture fragment, abutting the pop-
liteal neurovascular bundle. 

	 In	the	emergency	department	(ED),	the	orthopedic	team	
placed	 right	 tibia	 in	 a	 splint.	Due	 to	 her	 young	 age	 and	 unique	
fracture pattern of  her right lateral tibial plateau, her treatment 
plan was surgery. However, two days after admission, the psychi-
atry team placed her on a Section 12 and stated that she lacked 
capacity to consent to surgery. She was closely monitored in the 
hospital and four days after admission was able to go to the oper-

ating room.

 She was taken to the OR and under general anesthesia, 
her ankle and foot fractures were treated operatively, as well as her 
tibial	plateau.	To	fix	the	tibial	plateau,	an	incision	was	made	anteri-
or laterally. A laminar spreader was used to open the anterior frac-
ture	site	to	bring	the	fibular	head	and	the	intact	common	peroneal	
nerve	 in	view.	The	nerve	was	behind	 the	fibular	head,	displaced	
into the fracture plane. The large posterior lateral shear fragment 
of 	the	tibial	plateau	was	behind	the	fibular	head.	A	laminar	spread-
er	and	femoral	distractor	were	used	to	dislocate	the	fibular	head	
and obtain length. Then, a large kidney clamp was placed behind 
the lateral fragment of  the plateau and it was pulled back into the 
joint. A Schanz pin was placed into this lateral fragment to help 
rotate the fragment into the joint. A Cobb was used to elevate ad-
ditional fragments of  the articular surface. K wires were placed to 
hold	everything	together.	Once	intra-operative	imaging	confirmed	
reduction, a non-locking tibial plateau plate was secured in buttress 
mode to capture this posterior lateral fragment and secure it distal-
ly. The axilla of  the fracture was captured with the plate, followed 
by	screws	proximally	 to	add	additional	stable	fixation	(Figure	3).	
The wound was irrigated and closed in a layered fashion with a 
combination	of 	Vicryl	and	clips.	

 She was stable post-operatively and was non weight bear-
ing bilaterally, with hinged knee brace on the right locked in exten-
sion to allow for soft tissue rest with plan for motion through the 
knee joint once the wound settled/sutures were removed. Physical 
therapy and occupational therapy evaluated her and recommended 
inpatient	rehabilitation	or	home	with	24-hour	assistance.	Day	one	
post-operative, as psychiatry removed her Section 12, she left the 
hospital against medical advice and she was lost to follow-up there-
after.

DISCUSSION

Posterolateral tibial plateau fractures are caused by a valgus force 
with	 the	 knee	 in	flexion,	 that	 leads	 to	 a	 shearing	 force	 between	
the lateral femoral condyle and the posterolateral plateau.8 Without 
surgical	fixation,	the	fracture	fragment	will	tend	to	move	posterior-
ly and distally with knee motion, creating joint instability, pain, and 
neurovascular injury.9	As	the	conventional	Schatzker	classification	
system doesn’t account for posterior tibial plateau fractures, dif-

Figure 1. Plain Radiographs Demonstrating Comminuted 
Lateral Tibial Plateau Fracture in A) AP and B) Lateral Views

A B

Figure 2. A. Axial, B. Sagittal, C. Coronal

A B C

Figure 3. A. AP B. Lateral. Intraoperative Fluoroscopic Images Illustrating 
the Non-Locking Tibial Plate Used

A B
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ferent	classification	systems	have	been	proposed,	one	including	a	
three-column	classification,10 and one system developed by Hong-
wei et al11	 that	 classified	posterolateral	 tibial	plateau	 fractures	by	
combining	with	CT	reconstruction	of 	the	three	dimensional	(3D)	
images.11

 While there is diversity in treatment options for poste-
rolateral	 tibial	 plateau	 fractures,	 there	 are	 no	 definite	 treatment	
guidelines or algorithms in place. Rossman et al12 retrospective-
ly	analyzed	538	tibial	plateau	fractures	fixed	from	2012-2015	and	
found that fracture patterns could not reliably predict the choice 
of  surgical approach, but rather relied on the surgeon’s experience, 
education, and preference. Cho et al13 proposed an algorithm for 
treating posterolateral tibial plateau fractures, advising certain sur-
gical approaches based on injury type of  either isolated postero-
lateral fragment (PLF), PLF with associated anterolateral plateau 
fracture, PLF with posterior shearing fracture, and PLF with bico-
lumnar plateau fracture.

 Our patient had a unique fracture with posterior displace-
ment	of 	the	fractured	lateral	tibial	plateau	behind	a	fractured	fibu-
lar head. Asprinio et al14 described a similar case, where they used 
a	 direct	 posterior	 popliteal	 approach	with	 buttress-plate	 fixation	
of  the posterolateral fracture and a lateral approach to reduce the 
fracture,	 bone-grafting,	 and	 buttress-plate	 fixation	 of 	 the	 lateral	
tibial plateau. Our case differs slightly in that the “posterior lat-
eral” fragment involves essentially the entire lateral tibial plateau 
with	the	fibular	head	anterior	to	it.	Performing	a	direct	posterior	
approach	would	be	difficulty	as	the	fibular	head	would	not	be	vis-
ualized and as such the block to reduction would not be able to be 
manipulated.	An	anterior	approach	would	allow	access	to	the	fibu-
lar	head,	and	with	gentle	anterolateral	traction	on	the	fibular	head	
and a pull from posterior to anterior on the fractured tibial plateau 
fragment, we suspected that the fracture would reduce. This was 
essentially	the	case.	The	peroneal	nerve	was	identified	around	the	
fibular	head	and	entrapped	between	the	fibular	head	and	the	tibial	
plateau posterior to it. A small sharp-sharp clamp was placed on 
the	fibular	head,	and	the	head	was	pulled	laterally,	essentially	out	of 	
the plane of  the fracture. We then placed a long kidney clamp be-
hind the dislocated anterolateral tibial plateau and hooked it, once 
it	was	securely	hooked	it	was	pulled	in	to	place.	The	fibular	head	
was	then	released	and	as	the	fibular	head	took	its	normal	anatomic	
location it prevented further displacement of  the fracture. We were 
then able to place a plate in buttress mode to secure the plateau.

CONCLUSION

Tibial plateau fractures with a displaced posterior fragment need 
special attention in diagnosis and management. These fracture pat-
terns	may	not	fit	 in	 previous	 classification	 systems.	This	 unique	
fracture	pattern	was	successfully	fixed	as	outlined	in	this	case	re-
port. 

CONSENT

Written and verbal consent were unable to be obtained from the 
patient to reproduce information and photographs appearing in 
this article despite multiple attempts as the patient left against med-

ical advice from the hospitalization and has been lost to follow-up 
since,	with	no	healthcare	proxy.	Authors	confirm	that	the	submit-
ted article is neither under consideration nor published previously. 
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Case Report

INTRODUCTION

Early-onset scoliosis is an umbrella term coined to describe any 
form of  scoliosis that starts before ten years of  age.1 The first 

decade of  life is characterized by significant growth and develop-
ment in body organs and functions. Abnormal spinal curvatures 
at this critical age may adversely impact the growth and expansion 
of  the thoracic cage and the lungs, as the growth of  both is inter-
dependent. There is mounting evidence suggesting that patients 
who develop scoliosis before ten years of  age are at increased risk 
of  developing respiratory failure secondary to thoracic insufficien-
cy syndrome, the inability of  the thorax to support normal lung 
growth and development.2-5 In other words, treating early-onset 
scoliosis transcends correcting the aesthetic part of  the deformity 
to preserving lung development and improving patients’ survival.

 Both conservative and operative measures are used to 
treat early-onset scoliosis. Physicians often resolve to bracing, se-
rial casting, and even traction to postpone or sometimes obviate 
the need for more aggressive surgeries. If  done at such young ages, 
traditional fusion surgery might lead to undesirable consequences 

ranging from failure to halt curve progression to severely stunting 
growth.6 All in all, neither conservative means nor fusion surgery is 
flawless, with each having its trade-offs and drawbacks.

 Recently, significant momentum has been seen in using 
what is now called growth-friendly implants.7 These devices offer 
the opportunity to treat spinal deformity while maximizing growth 
potential and thoracic expansion at the same time. Based on the 
forces exerted by these implants on the thoracic cage and vertebral 
column, three systems have been recognized8:

1. Distraction-based systems like growing rods and vertical ex-
pandable prosthetic titanium ribs (VEPTR).
2. Compression-based systems like staplers and spinal tethers.
3. Guided growth systems like Shilla and Luque trolley.

 Whether used as single or dual constructs, convention-
al growing rods have shown that they can curb spinal deformity 
progression, proving to be a useful delaying tactic for spinal fusion 
in patients with early-onset scoliosis.9 Occasionally, this effect can 
be so dramatic, obviating the need for fusion surgeries altogether. 

 ABSTRACT
In recent years, there has been a paradigm shift in the treatment of  early-onset scoliosis. This change is manifested by a propensity 
to avoiding or delaying fusion surgeries due to their many potential shortcomings. Many surgeons gravitate towards conservative 
measures and growth-friendly implants such as magnetic expandable growing rods. Still, such interventions are not impeccable. 
This case report discusses 8-year-old girl with early-onset scoliosis managed with magnetic expandable rods after failing conser-
vative management. The results were promising at first. However, catastrophic failure was diagnosed after multiple successful 
elongations necessitating discarding the system and changing the construct to conventional growing rods. 

Keywords
Magnet rods; Growing rods; Growth friendly procedures; Catastrophic failure; Early-onset scoliosis; Juvenile scoliosis; 
Scoliosis complications.
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However, the need for sequential lengthening surgeries can remark-
ably add to the physiological, psychological, and aesthetic burdens 
that patients with early-onset scoliosis must go through.10,11 Conse-
quently, magnetically controlled growing rods were introduced as a 
means of  providing growing implants with less frequent lengthen-
ing procedures.

 Magnetically controlled growing rods, widely known as 
MAGEC after the implant produced by NuVasive®, are placed in a 
similar manner to conventional growing rods. They are composed 
of  titanium rods with a middle telescoping part that can be period-
ically expanded by an external remote controller. With the advent 
of  magnetically controlled rods, many of  the comorbidities associ-
ated with conventional devices were lessened. On the other hand, 
unfamiliar problems were introduced with these novel devices.

CASE PRESENTATION
 
An 8-year-old girl was diagnosed with bilateral developmental 
dysplasia of  the hips during infancy and underwent multiple hip 
surgeries to correct her hip problems. At the age of  four, she 
was diagnosed with scoliosis in another hospital and referred to 
our institution for further management after failing conservative 
management in the form of  bracing. The chief  complaint was the 
presence of  spinal deformity with a left thoracic hump. Her devel-
opmental examination findings were appropriate for her age. The 
neurologic exam showed normal motor and sensory functions. No 
significant abnormalities or deficits were noticed.

 Radiographs including anterior-posterior (AP) and lateral 
standing spine X-rays were ordered. They showed a left thoracic 
curve with a Cobb angle of  88 degrees measured between T3 and 
L1 (Figure 1).

 Due to the early onset of  scoliosis and the presence of  
left thoracic curve, an MRI study was ordered. It showed no teth-

ered cord nor vertebral abnormalities.

 A decision was made to proceed with a growth-friendly 
implant, magnetic expandable rods, to control her curve progres-
sion. Dual 4.5 rods were inserted, with the proximal foundation 
being at the T3-4 level and the distal one at L2-3. Both rods were 
secured in the submuscular/subfascial plane. The procedure was 
uneventful. The postoperative x-ray showed a well-seated system. 
The Cobb angle measured 38° (Figure 2).

 Four-months after the index surgery, her first elongation 
was attempted. The magnetic gear was expanded by 4 mm. Three 
months after that, she underwent another successful elongation. 
The Cobb angle was 48°, and 9 mm were added in length (Figure 
3).

 

Figure 1. Scoliosis X-Ray of the Patients Showed that Cobb Angle 
of 88° Measured between T3 and L1

Figure 2. Post-Operative X-Ray Showed a Well-Seated System. 
The Cobb Angle Measured 38°

Figure 3. Post Elongation X-Ray Showed the Magnetic Gear was Expanded by 4 mm
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 However, three subsequent elongation attempts failed, 
with (Figure 4) depicting the latest. After discussing the case with 
the parents, a decision was made to exchange the rods with con-
ventional ones using the same foundations. A month later, the con-
ventional rods were inserted (Figure 5).

 We evaluated the rods after removal. Both magnet gears 
had failed. We found that the rods could be elongated and short-
ened manually with no force. They could not maintain expansion 
in the telescoping movement. We called this a catastrophic failure 

(Figure 6).

DISCUSSION AND CONCLUSION

Early-onset scoliosis represents a group of  conditions that cause 
scoliosis before ten-years of  age regardless of  the etiology. Four 
main etiologic categories have been described: congenital, neuro-
muscular, syndromic, and idiopathic.6 These are grouped together 
because they all carry the risk of  developing thoracic insufficiency 
syndrome. Early-onset scoliosis represents a management conun-
drum for physicians and families alike. Management options are 
diverse, ranging from conservative to operative, with most carrying 
the same goal, delaying or avoiding fusion surgery until ten years 
of  age or older.

 Observation is usually the only management that is need-
ed for curves less than 20°. Serial casting can be used for patients 
with curves larger than 20°. Mehta et al showed that serial casting 
could be a definitive treatment option for patients with idiopathic 
curves if  started before two years of  age.12 Bracing can also be 
perused as a delaying measure, but problems with compliance and 
secondary sagittal plane deformities have been reported. Halo 
gravity traction has been used to treat early-onset scoliosis.

 Great interest has been seen in using growth-friendly 
implants such as conventional growing rods. Growing rods are 
commonly used for early onset scoliosis (EOSTM) as they have the 
advantage of  correcting the deformity while allowing the spine to 
grow. However, the need for frequent lengthening surgeries has 
never been a pleasant occurrence to the patient, their family, or 
the physician, with each subsequent surgery carrying an increased 
medical, financial, and psychological burden of  its own.

 Magnetic expandable rods managed to overcome the is-
sue of  multiple surgeries by providing a device that can be elon-
gated in the clinic by an external remote controller. It looks like 
a promising technology with many reporting good outcomes.13 
Disadvantages, however, including costs and magnetic resonance 
imaging (MRI) compatibility, are not fully explored.14 Akbarnia et 
al. Reported loss of  initial height in three patients after the initial 
surgery and loss of  distraction in 11 out of  68 cases. Nonetheless, 
the loss of  height was regained and maintained after subsequent 
distraction precluding the need for exchanging the rods.

 In our case, distraction was achieved in the first and sec-
ond attempts but not thereafter. Fifty percent (50%) of  the length 
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Figure 6. The MAGEC Rods Could Not Maintain Expansion and Both have Telescoping 
Movement., We Named that Catastrophic Failure 

Figure 4. X-Ray After Three Subsequent Attempts for Elongation 
Failed, and the Gear Lost Elongation

Figure 5. X-Ray Showed the Exchange of MEGEC System with Conventional System
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achieved was lost in the next three months and never regained. 
Distraction under sedation and general anesthesia were tried but to 
no avail. No explanation was found for such failure. After exchang-
ing the rods, we found that the telescoping mechanism had failed, 
a complication we dubbed a catastrophic failure.

 Catastrophic failure has never been reported or men-
tioned in the magnetic expandable rod user manual. Physicians 
need to pay attention to catastrophic failure as it should always be 
considered when these types of  rods lose their initial distraction 
without being able to regain it anymore.

 In conclusion, magnetic expandable rods are a promising 
technology that allows spinal growth while correcting the deform-
ity. Nevertheless, more attention should be paid to investigating 
these novel implants regarding their potential complications.
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