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Purpose: Cephalomedullary nail (CM nail) in the trestment of femora intertrochanteric fracturesisin the lime
light in recent years. The purpose of this study is to compare surgica outcomes between experienced surgeon
and non-experienced surgeonsin respect of CM nail for femoral intertrochanteric fractures.

Materials and Methods The 129 patients underwent CM nail for femora intertrochanteric fracture more than
six months of follow-up from April 2011 to March 2014 in Seoul Medical Center (Seoul, Korea) were
participated in this study. For this study, group A consisted of experienced surgeons who performed more than
500 times of CM nail, and group B consisted of non-experienced surgeons who performed less than 50 times of
CM nall. Clinica and radiologic outcomes, complications and the need for reoperation between both groups
were compared in the study.

Results According to clinica result, both the mean operation time and transfusion volume were significantly
longer and greater in group B (P<0.05). In the radiol ogic outcomes, adequacy of reduction, tip-apex distance and
numbers of case placed in the Cleveland zones 5, 6 and 8; there was no Statistical difference between both
groups. Moreover, rate of complication and reoperation had same results as radiol ogic outcomes.

Conclusion: There was no significant difference with Satistical datain complications from CM nail for femoral
intertrochanteric fractures between experienced surgeon and non-experienced surgeon. Although the operation
time and transfusion volume were significantly longer and greater in the case of operation by non-experienced
surgeon, satisfactory performance was seen in the complications and the need for reoperation.
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INTRODUCTION

Femoral intertrochanteric fractures account for alarge
proportion of proximal femoral fractures. This condition
occurs more frequently in the elderly with osteoporosis
and its incidence has been gradually increasing along
with recent advances in medical technology and prolonged
average life expectancy*?.

Femoral intertrochanteric fractures are associated with
a high rate of morbidity and complication related to
prolonged bed rest. Enabling early ambulation through
accurate reduction and solid fixation is important to
prevent complications, and a large number of studies are
further investigating optimal treatment modalities*®.
Cephalomedullary nail (CM nail) used for the treatment
of unstable fractures serves the role of buttress to
prevent medial displacement of the distal bone
fragment. Subsequently, proximal femur nail (PFN),
Gamma nail and others have been developed, and
favorable surgical results have been achieved by
providing adequate fixation®".

In recent years, CM nailing is a preferred fixation
method which offers the advantages of favorable
biological fixation and simple surgical procedure®™.
However, this closed reduction requires proficient
surgical skills in fracture reduction and fixation, and it
may have alearning curve. Factors determining stability
of internal fixation when treating fractures are bone
quality, fragment geometry, reduction, implant selection
and implant placement®. Of these, implant placement,
implant selection and reduction are factors related with
the operating surgeon, and surgical outcome may differ
depending on skillfulness of operators. The purpose of
this study was to compare surgical results between non-
experienced and experienced surgeons. Furthermore,
preparatory education and discussion were carried out
for al operators before participating in surgery using
PFN according to the treatment guidelines.

MATERIALS AND METHODS
1. Patients

The inclusion criteria were patients who received CM
nailing at Seoul Medical Center (Seoul, Korea) due to
femoral intertrochanteric fractures from April 2011 to
March 2014, with a minimum follow-up of six months
(an average of 11.5 months). The exclusion criterion
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was those who died during the postoperative period
before discharge. A total of 134 patients underwent
surgery. Of these, 129 patients were enrolled in the
study, excluding five patients who died prior to
discharge or were followed up for less than six months.

The surgical devices used were Gamma 3 nail (Stryker,
Mahwah, NJ, USA) in 94 cases and intertrochanteric/
subtrochanteric nail (ITST nail; Zimmer, Winterthur,
Switzerland) in 35 cases, and short nails were used in all
129 patients. The AO/OTA classification was used in
preoperative assessment to classify the fractures (Table
1). The shape of the medullary canal was grouped based
on the Dorr classification. The patients were classified as
6 Dorr type A (4.7%), and 103 Dorr type B (79.8%) and
20 Dorr type C (15.5%)*. The American Society of
Anesthesiologist (ASA) classification system was used
to assess the fitness of patients, and five patients were
graded as ASA grade 1, 85 asgrade 2, 36 as grade 3, and
three as grade 45319,

2. Experienced Surgeon and Non-experienced
Surgeon

An experienced surgeon was an orthopedic surgeon
who performed more than 500 times of CM nail surgery
to fix intertrochanteric fractures after completing a four-
year orthopedic surgery residency program and obtaining
amedical license. Non-experienced surgeons were those
who performed less than 50 times of CM nail surgery
after completing four years of training and becoming a
board certified orthopedic surgeon. All operations were
conducted by a single experienced surgeon and four
non-experienced surgeons. Non-experienced surgeons
conducted surgery under supervision by an experienced
attending surgeon, but they were not assisted.

Table 1. Fracture Classification according to AO/OTA
Classification

AO/OTA classification Frequency
Group A Group B
31-A1 14 42
31-A2 22 48
31-A3 2 1
Total 38 91
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3. Evaluations

This study was performed after gaining an approval
from the Institutional Review Board of Seoul Medical
Center (IRB 2015-018). The authors of the study
collected plain radiographs and computed tomography
scans of all patients preoperatively, immediately after
surgery, and at final follow-up. We reviewed the charts
based on the electronic medical records, and obtained
addition information on clinical progress through
telephone survey.

We collected patients demographic data (gender and
age), body mass index (BMI), bone mineral density
(BMD), and basic operative data (operation time,
transfusion volume and others). For radiographic
assessment, we evaluated adequacy of fracture reduction
(Table 2) and implant site based on internal tip-apex
distance (TAD) and Cleveland zone, and examined
complications including fixation failure such as screw
cutout and varus collapse, infection, non-union and
avascular necrosis and postoperative medical problems'>®,
Callus formation union time of the fracture site were
determined during the routine radiographic exams. Bone
union was defined when callus appearance and formation
of a bridge between bone fragments and trabecul ae were
confirmed on simple X-rays. Reoperation for any reason
was considered as fixation failure, and the causes and
methods of reoperation were examined.

Based on collected data, patients who received surgery
by an experienced surgeon were grouped into group A
(38 cases) and those by non-experienced surgeons into
group B (91 cases), and clinical and radiographic
results, complications and reoperation were compared
between the two groups.

Table 2. Classification of Reduction

4. Statistical Analysis

Surgical results were explored based on the overall
statistics of 129 patients. We compared differences in
demographic data, pre- and post-operative clinical and
radiographic variables, complications and reoperation
between group A and group B. Continuous variables
were analyzed using Student t-test, categorical data, chi-
square test and Fisher’s exact test. Statistical analyses
were performed using PASW Statistics ver. 18.0 (IBM
Co., Armonk, NY, USA). P-values of less than 0.05
were considered statistically significant.

RESULTS

1. Demography and Overall Surgical Outcome

The subjects consisted of 55 male and 74 female
patients in the present study, and their mean age was
75.6 (£11.2) years. The mean BMD and BMI were
—3.28 (£1.13) g/cm? and 22.26 kg/n?, respectively. The
total operation time was defined as the time from skin
incision to the end of the skin closure, and the mean
operation time was 77.9 (+28.7) minutes.

The average length of hospital stay was 23.7 (£29.7)
days, and other blood products were not used in
transfusion. Closed reduction was performed in all
operations. Adequacy for reduction was 94.6%
indicating good or acceptable. The mean TAD was 15.8
(£4.2) mm, and lag screws were inserted into safe
zones (Cleveland zones 5, 6, 8 and 9) in 116 cases
(89.9%) (Fig. 1, 2).

Delayed union, nonunion, infection and periprosthetic
fracture were not detected in group A, and reoperation
was done in two cases due to fixation failure (screw
cutout) by performing conversion arthroplasty.
Meanwhile, four cases underwent reoperation in group

1) Alignment
a) AP view
b) Lateral view

Normal cervico-diaphyseal angle or slight valgus
Less than 20° of angulation

1) Displacement of main fragment

Normal than 80% overlapping in both planes

Good reduction
Acceptable reduction
Poor reduction

Alignment and displacement were acceptable
Only one criterion
Neither criterion met

modified from Baumgaertner et al™.
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Fig. 1. (A-C) Initial radiographs of a 75-year-old women shows unstable fracture (Evans type V; 31A2.2 AO/OTA), fixed with
Gamma 3 nail (B and C) by experienced surgeon. Immediate postoperative anteroposter and translateral views.

Fig. 2. (A-C) Initial radiographs of a 74-year-old man shows unstable fracture (Evans type V; 31A2.2 AO/OTA), fixed with
Gamma 3 nail (B and C) by non-experienced surgeon. Immediate postoperative anteroposter and translateral views.

B. The causes for reoperation were fixation failure
(screw cutout) in three cases treated with conversion
arthroplasty and deep infection in 1 case managed with
conversion arthroplasty using two-stage operation.
Reoperation was planned for one case in each group due
to fixation failure (screw cutout), but they refused
surgical treatment because of old age, dementia and
other reasons.
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2. Comparison between Group A and B

With respect to clinical results, the mean operation
time was 70.3 (#13.5) minutesin group A and 81.1 (£
32.6) minutes in group B, and the mean duration of
surgery was significantly longer in group B (P<0.05).
The amount of blood transfusion was 90 (£230) mL in
group A and 245 (£330) mL in group B, which was
significantly higher in group B than in group B (P
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Table 3. Comparisons of Demographic, Clinical and Radiographic Results between Group A and B

Variable Total Group A Group B P-value
Dermographic results
Number of hips 129 38 1
Gender (male/female) 55/74 15/23 40/51 0.639
Age (yr) 75.6£11.2 76.1+13.5 75.4+10.2 0.803
BMD (g/cm’) -3.3£1.1 -3.6£1.9 -3.2£1.1 0.133
BMI (kg/m’) 22.26£3.74 22.03£3.39 22.35+3.83 0.638
Clinical results
Operation time (min) 77.9+28.7 70.3£13.5 81.1%£32.6 0.009*
Volume of transfusion (mL) 200300 90230 2451330 0.003*
Hospital stay (day) 23.7+£29.7 19.18+12.2 25.6+34.4 0.122
Radiographic results
Good or acceptable reduction 122/129 37/38 85/91 0.365
TAD (mm) 15.8+4.2 15.08+3.2 16.2+4.5 0.134
Cleveland zone 5, 6, 8, 9 116/129 (89.9) 36/38 (94.7) 80/91 (87.9) 0.240
Values are presented as number only, meantstandard deviation, or number (%).
BMD: bone marrow density, BMI: body mass index, TAD: tip-apex distance.
* Statistically significant (P<0.05).
Table 4. Comparisons of Surgical and Medical Complications between Group A and B
Variable Total Group A Group B P-value
Infection 1/129 (0.78) 0/38 (0) 1/91(1.1) 0.517
Fixation failure (screw cutout) 7/129 (5.43) 3/3817.9) 4/91 (4.4) 0.252
Medical complications 9/129 (6.98) 5/38 (13.2) 4/91 (4.4) 0.075
Reoperation 6/129 (4.65) 2/38 (5.3) 4/91 (4.4) 0.831

Values are presented as number (%).

<0.05). With respect to radiographic outcomes,
adequacy of reduction was good or acceptable in 37
cases and poor in one case in group A, good or
acceptable in 85 cases and poor in six cases in group B,
showing no statistically significant difference. The
average TAD was 15.1 mm (£3.2) in group A and 16.2
mm (+4.5) in group B, having no statistically
significant difference. Screw position in the Cleveland
zones 5, 6, 8 and 9 was 36 (94.7%) casesin group A and
80 (87.9%) cases in group B, exhibiting no statistically
significant difference (Table 3). In addition, no statistically
significant difference was found in demographic data,
radiologic data, postoperative and medical complications
and reoperation (Table 4).

DISCUSSION

The CM nail is being used increasingly for femoral
intertrochanteric fractures because of its advantages of
biomechanical benefit and solid fixation of unstable
fractures®®, Moreover, the advantages of CM nailing

www.hipandpelvis.or.kr

include less invasive procedures, small amount of blood
loss, short operation time, promotion of biological
healing, low infection rate and others'*®. The surgical
technique of CM nailing is considered a highly
standardized modality and is commonly used for the
purpose of training non-experience surgeons. For these
reasons, orthopedic surgeons should be well acquainted
with the concept and technique of CM nailing skillfully.
Therefore, this study was performed to compare and
examine the surgical outcomes of this procedure
between experienced and non-experienced surgeons.
The results of this study revealed that no significant
difference was found in operation time and transfusion
volume between group A and B. Longer operation time
and greater transfusion volume in operations performed
by non-experienced surgeons are assumed to be
attributable to different levels of experience in CM
nailing procedure. Differences in levels of surgical
experience appear to induce differences in operation
time and blood loss volume, leading to a difference in
transfusion volume. Although statistical significance
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was small, inappropriate screw placement was more
commonly found in group B. Non-experienced surgeons
had difficulty in inserting the guide pin for lag screw
fixation after reduction due to lack of experience in
guide pin insertion for the placement of the lag screw in
safe zones of the femoral head. Repeated attempts of
guide pin insertion seemed to generate differencesin lag
screw insertion and operation time. In a study on the
learning curve of proximal femoral nail, Altintas et al.?
identified that operation time was longer in the first 15
operations performed for traning purpose compared to
that of the following operations among surgeons. Likewise,
they thought that operators with more experience were
less likely to attempt lag screw placement in safe zones.
Since insertion of the lag screw into the anterosuperior
aspect of the femoral head may lead to complications
such as screw cutout by inducing fixation failure,
caution is warranted**2. Despite sufficient education
on surgical procedures, insertion of the lag screw into
the anterosuperior aspect of the femora head occurred.
Thus, in addition to acceptable reduction, careful
attention should be paid to lag screw fixation during
fixation among non-experienced surgeons.

There was no statistically significant difference in the
rates of complication and reoperation between the two
groups. This outcome is thought to be resulted from
specific treatment guidelines and thorough preparatory
education about acceptable reduction and fixation
method. In operations such as reduction of acetabular
fractures having a steep learning curve and requiring
much clinical experience, satisfactory reduction was
achieved after performing at least 60 times of surgery.
On the contrary, satisfactory reduction was obtained in
CM nail surgery performed for management of greater
trochanteric fractures, despite relatively less clinical
experience®,

Of all operations conducted in our hospital, a total of
Six cases (4.7%) underwent reoperation due to surgical
failure and eight cases (6.2%) had postoperative
complications. Even though statistical analysisis
challenging because of differences in study design and
methods, the current study achieved satisfying results
with respect to complication and reoperation rates in
comparison with other previous studies™?.

The limitations of this study are as follows: First, as a
retrospective study, this study had insufficiently collected
and managed data. For example, a high fixation failure
rate, despite high rates of acceptable reduction, is
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anticipated to be associated with postoperative care and
patients’ motor functional recovery immediately after
surgery. However, hip scores were not measured at final
follow-up and the degree of functional recovery was not
assessed. Since, follow-up plans had not been clearly
designed for every patient, the mean follow up period
was short (an average of 11.5 months) and complications
that could be detected in long-term follow-up were
excluded. We can only predict increases in blood loss
volume according to increasing operation time because
accurate volumes of blood loss had not been gathered in
all patients. Thus, we were unable to prove a direct
relationship between blood loss volume and transfusion
volume. Second, the results of this study are data
gathered from five surgeons. There are possibilities that
each surgeon may not have followed initial operative
guidelines and may have a different approach. Despite
these limitations, this investigation seems to have
achieved high external validity by comprehensively
interpreting surgical outcomes of several surgeons.

CONCLUSION

There was no significant difference with statistical
data in complications following CM nailing for femoral
intertrochanteric fractures between experienced and
non-experienced surgeons. Although the operation time
and transfusion volume were significantly longer and
greater in operations carried out by non-experienced
surgeons, satisfactory performance was seen in
complications and the need for reoperation. In conclusion,
CM nailing is an optimal surgical option having a high
success rate regardless of surgical experience, when
treatment guidelines are accurately followed and thorough
preparatory education is preceded for orthopedic surgeons.
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