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Abstract

Background: Intertrochanteric femoral fractures are prevalent among the elderly, and usually demands surgical
treatments. Proximal femoral nail antirotation Asian version (PFNA-II) is widely used for intertrochanteric fracture
treatment. The computer-assisted preoperative planning (CAPP) system has the potential to reduce the difficulty of
PFNA-II in the treatment of intertrochanteric fractures. The aim of the study was to investigate and compare the
learning curves of PFNA-II treatment with CAPP and conventional preoperational planning methods for
intertrochanteric femoral fractures.

Methods: A total of 125 patients with intertrochanteric fracture who were treated with PENA-II between March
2012 and June 2015 were retrospectively analyzed. Patients who underwent surgery with CAPP procedure by a
junior surgeon were regarded as group A (n=53); patients who underwent the conventional surgery by another
junior surgeon were regarded as group B (n =72). Each group was divided into three subgroups (case 1-20, case
21-40, case 41-53 or case 41-72).

Results: The average operation time of group A was 45.00(42.00, 50.00) minutes, and in group B was 55.00 (50.00,
60.00) minutes (P < 0.01). Average radiation frequency and blood loss were 13.02 +2.32, 160.00 (140.00, 170.00) m!
and 20.92 +3.27, 250.00 (195.00, 279.50) ml, respectively, with significant differences (P < 0.01). The learning curve of
the surgical procedure in group A was steeper than that in group B. There were no significant differences in patient
reported outcomes, hospital stay and complication rate between the two groups. Significant differences were
observed between group A and B in Harris score at last follow-up in the AO/OTA type 31-A2 intertrochanteric
fracture (P < 0.05).

Conclusion: Compared with conventional preoperative planning methods, CAPP system significantly reduced
operation time, radiation frequency and blood loss, thus reshaped the learning curve of PENA-II treatment with
lower learning difficulty.

Trial registration: researchregistry4770. Registered 25 March 2019.

Keywords: Computer-assisted preoperative planning (CAPP), Learning curve, Intertrochanteric femoral fracture,
Fracture fixation, Proximal femoral nail antirotation Asian version (PFNA-II)

* Correspondence: cyxtongji@126.com

Dongdong Wang and Kun Zhang contributed equally to this work.
’Department of Orthopaedic Surgery, Zhongshan Hospital, Fudan University,
180 Fenglin Road, Shanghai 200032, China

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-020-3048-4&domain=pdf
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/5c98a5552a0f3d2f452bd6f6/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:cyxtongji@126.com

Wang et al. BMIC Musculoskeletal Disorders (2020) 21:34

Background

Intertrochanteric femoral fractures are the second most
common type of hip fractures, and remain a major chal-
lenge for orthopaedic surgeons worldwide [1]. These
fractures are usually classified as stable or unstable, with
unstable fractures being more common [2]. Elderly
people (age > 65 years) are particularly vulnerable to this
type of injury owing to the high prevalence of osteopor-
osis or osteopenia in this population [3]. With the in-
crease of the aging population, the incidence of geriatric
intertrochanteric femoral fractures is also increasing. Be-
cause intertrochanteric femoral factures are associated
with morbidity and mortality [4], and are usually
followed by other physical ailments such as osteoporosis
and diabetes [5, 6], these fractures continue to pose a
considerable burden to the health-care system.

A previous study revealed that the primary cause of
high mortality and complication rates in patients with
an intertrochanteric femoral fracture is lack of exercise
and particularly long-term bed rest [7]. Thus, aggressive
and timely intervention is warranted. Surgical proce-
dures play a major role in preventing bed-related com-
plications and disability among the elderly [8]. The goals
of surgery are to restore the anatomical alignment,
maintain fracture reduction, and allow early rehabilita-
tion [9]. Mobilization and full weight bearing as soon as
possible are equally important after surgery [10].

To accomplish these goals, optimal implants with fixed
stability and strength should be chosen. Various
methods of fixation have been described for intertro-
chanteric fractures, including sliding hip screw, com-
pression plating, fixed angle blade-plate, intramedullary
nailing and external fixation. Intramedullary nailing has
improved biomechanical features, and many surgeons
would likely select intramedullary devices for the treat-
ment of intertrochanteric femoral fractures [11]. The
Proximal Femoral Nail Antirotation Asian version
(PFNA-II), which was introduced in 2008 and modified
to avoid lateral cortex impingement during the insertion
of the nail [12], is now commonly used for pertrochan-
teric or intertrochanteric fractures in the geriatric popu-
lation [13, 14].

To date, intramedullary fixation with PENA-II has
been considered a well-developed surgical technology in
the treatment of intertrochanteric femoral fractures.
Well-experienced surgeons could easily accomplish this
surgery in < 30-45min. However, it is still technically
demanding with a definite learning curve, especially for
beginners. A learning curve can be defined as an im-
provement in performance over time or with increasing
experience or training. Understanding the average learn-
ing curve for surgery with a specific device is in the best
interests of patient safety and is an important compo-
nent of a surgeon’s learning process [15]. Poor reduction
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and failure of fixation in intramedullary fixation are
closely related to insufficient assessment of the spatial
characteristics of bone fragments and inappropriate se-
lection of implants. Therefore, a precise and efficient
preoperative design is particularly important, and it
could enable lower the surgical difficulty of PENA-II
treatment [16].

A previous study has proved that an efficient and reli-
able system for computer-assisted preoperative planning
(CAPP) provides excellent clinical outcomes in the treat-
ment of humeral shaft fractures with locking plates [17].
Therefore, we presumed that the CAPP system could
also provide a new approach with respect to preopera-
tive design in PFNA-II treatment of intertrochanteric
femoral fractures and lower the learning difficulty of this
surgical procedure for beginners. To date, no such stud-
ies has investigated the impact of CAPP on the learning
curve of PFNA-II treatment of intertrochanteric femoral
fractures. The hypothesis of the current study is that the
CAPP system might significantly reduce the learning dif-
ficulty of surgical treatments with PENA-II in clinical
practice.

Methods

Patient population

This retrospective study involved a single-center study
of orthopedics at our hospital. Institutional review board
approval (2019tjdx122) was obtained before collection of
data. The medical records and imaging data of patients
who underwent open reduction and intramedullary fix-
ation with PFNA-II at our institution between March
2012 and June 2015 were retrospectively obtained and
reviewed. Patients were included according to the fol-
lowing criteria: age = 60 years, intertrochanteric femoral
fracture, and injury-to-surgery interval within 1 week.
Those who had pathological fractures, hip tumor, hip
deformity, or other combined fractures were excluded.

A total of 125 patients were included in this study. For
all patients, anteroposterior (AP) and lateral X-rays,
computed tomography (CT) scans and three-
dimensional (3D) reconstruction were performed pre-
operatively. And all CT images were obtained using a
16-detector spiral CT scanner (GE LightSpeed CT). Dur-
ing the same period, one junior surgeon performed sur-
geries in group A (n=53) and another junior surgeon
performed surgeries in group B (n=72). The preopera-
tive planning and evaluation in group A were conducted
with the assistance of the CAPP system, whereas only
conventional preoperative planning was conducted in
group B. The two surgeons both had 4 years surgical ex-
perience and had the same medical background. In
addition, both surgeons had undergone the same sys-
tematic training for 3 weeks under one senior surgeon
before conducting operations independently. Further,
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the subsequent training of the two junior surgeons in
the patient inclusion period was almost the same.

Preoperative planning and evaluation

Preoperative planning and evaluation were usually con-
ducted 1 or 2 days before surgery, to allow both the sur-
geons and the patients to prepare well and understand
the surgery.

In group A, the original CT data of each patient were
entered into the CAPP system (SuperImage Orthopedics
Edition 1.0, Cybermed Ltd, Shanghai, China)
[18].Thereafter, two-dimensional (2D) and 3D images of
the fracture zone of the hip joint and surrounding struc-
tures were reconstructed through multiple planar recon-
struction (MPR) and volume rendering (VR) technology,
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respectively. The CAPP procedures are shown in Fig. 1:
(1) Fracture fragments segmentation using a surface
shaded display (SSD) algorithm with a reconstruction
interval of 0.625mm. All fracture fragments were
marked with different distinct colors. Injury details were
analyzed in VR reconstruction and MPR mode. (2) Sim-
ulated fracture reduction using a semi-automatic frag-
ment reconstruction approach on the 3D SSD images.
(3) 3D morphological measurement of fracture frag-
ments. The fracture fragments were measured three-
dimensionally for choice of internal fixation devices. (4)
Choice of appropriate internal fixation devices and simu-
lated implantation. The type and length of the PFNA-II
nails, helical blades and distal locking screws were mea-
sured accurately after simulated reduction, then
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Fig. 1 Flow diagram of computer-assisted preoperative planning for treatment of geriatric intertrochanteric fractures using PFNA-II
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simulated implantation using the measured internal fix-
ation devices were conducted. (5) Evaluation of fracture
reduction and internal fixation implants under a per-
spective mode. After CAPP procedures, fracture frag-
ments segmentation time, simulated fracture reduction
and fixation time, evaluation time as well as the total
time were measured and recorded.

The preoperative planning in group B was based on
radiographic and CT images (including 2D and 3D im-
ages) in combination with the surgeon’s experience,
which is the typical preoperative planning method used
by most orthopaedic surgeons.

Surgical procedures

Before surgery, fracture reduction was performed with
the aid of a traction frame. The operation was performed
under general anesthesia. The patients were placed on
the operating table in the supine position, with abduc-
tion of healthy lower limb and 10°-15° rotation of the
hip joint on the affected side. Before surgery, fracture re-
duction was performed using a traction frame. Incision
was made outside the hip joint after skin preparation,
followed by insertion of a guide needle into center or
slightly lateral area of the vertex of the greater trochan-
ter. In the CAPP group, the choice among PFNA-II
nails, helical blades, and distal locking screws was made
according to the results of 3D morphological measure-
ments. Therefore, appropriate internal fixation devices
were inserted. However, in the conventional group, frac-
ture reduction and suitable internal fixation were deter-
mined through preoperative planning and intraoperative
fluoroscopy.

After surgery, anticoagulant drugs were administered
to prevent deep vein thrombosis, and bisphosphonates
were conventionally prescribed to elderly patients with
osteoporosis. The patients were instructed to perform
active contraction exercise for the quadriceps femoris
muscle on the second day after the operation and grad-
ually perform functional exercises on the bed. They were
encouraged to sit up within 1 week, if tolerated, conduct
off-bed non-weight-bearing activities with the assistance
of a walking aid at 2—4 weeks after the operation; begin
limited weight-bearing activities with walking aid assist-
ance 4—6 weeks later; and complete weight-bearing ac-
tivities without waling aid assistance after the clinical
healing of the fracture. Postoperative radiographs were
taken to confirm fracture healing.

Outcome measurements

The operative time, radiation frequency, blood loss and
fracture healing time of the two groups were analyzed
and evaluated. Operative time was defined as the interval
from skin insertion to the closure of the incision. It did
not include the closed reduction time. Radiation
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frequency was defined as the number of times surgeon
was exposed to intraoperative fluoroscopy during the
operation. Patient-reported outcomes calculated as Har-
ris hip scores were also compared. The Harris hip score
was derived from the evaluation of pain, function, de-
formity, and range of movement of the hip joints. Harris
hip scores were measured at 1 year after surgery. Postop-
erative complications were also recorded.

Statistical analysis

Descriptive statistics, including means and standard de-
viations, median and interquartile ranges were calculated
for demographic, operative, and outcome data (SPSS
22.0; IBM, Armonk, NY). Chi-square test was used to
determine statistically significant differences in categor-
ical variables. Student t-test and Mann-Whitney U test
were used to determine statistically significant differ-
ences of continuous variables in clinical outcomes and
patient reported outcomes. Analysis of Variance
(ANOVA) test was used determine statistically signifi-
cant differences of Harris scores among subtypes classi-
fied by fracture types. A P value < 0.05 or P value < 0.01
was considered significant. The learning curve was fitted
with different curve estimation regression models (linear,
logarithmic, quadratic, cubic, power) by SPSS 22.0,
where y is the operative time and x is the chronological
operation case number. The regression model of learn-
ing curve was finally set depending on the highest R
value among the related plots and being consistent with
the actual situation.

Results

Basic characteristics including gender, age, fracture side,
fracture type, comorbidities and hospital stay time of a
total of 125 patients were demonstrated in Table 1.
There exist no significant differences in gender, age,
fracture sides, AO Foundation/Orthopaedic Trauma As-
sociation (AO/OTA) classification, comorbidities and
hospital stay time.

In this study, the operation procedures were simulated
and evaluated using the CAPP system, and almost all
preoperative designs were successfully executed intraop-
eratively (Fig. 2). The actual type of internal fixation de-
vices, type and length of the screw blade, type and
length of the main nail, and length of the distal locking
screw applied during the operation remained the same
as the simulated choice of internal fixation devices in
CAPP system. None of the patients in the CAPP group
underwent repeated adjustments and replacement of the
implants, which reduced the operation time and radi-
ation exposure of the surgeons.

The time of segmentation, stimulated reduction and
fixation, evaluation and total CAPP time of group A are
summarized in Table 2. ANOVA test revealed no
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Table 1 Baseline characteristics
Group A(n=53) Group B(n=72) P value
Gender 0.907
Male 23(43.40%) 32(44.44%)
Female 30(56.60%) 40(55.56%)
Age (y) 75.26 £6.65 76.83£6.16 0.176
Fracture side 0.110
Left 24(45.28%) 43(59.72%)
Right 29(54.72%) 29(40.28%)
Evans classification 0910
b 12(22.64%) 18(24.32%)
Ic 9(16.98%) 15(20.27%)
I d 15(28.30%) 19(26.39%)
Il 17(32.08%) 20(27.78%)
AO/OTA classification 0.867
31-A1 12(22.64%) 18(24.32%)
31-A2 24(45.28%) 34(47.22%)
31-A3 17(32.08%) 20(27.78%)
Comorbidities
Osteoporosis 45(84.91%) 58(80.56%)
Cardiovascular and cerebrovascular diseases 20(34.74%) 33(45.83%)
Respiratory disease 8(15.09%) 12(16.67%)
Diabetes mellitus 15(28.30%) 18(25.00%)
Hospital stay (d) 14.00 (2.00) 14.00 (1.00) 0.062

Unless otherwise noted, data are means+SD or median (interquartile range), numbers of subjects and percentages in parentheses

significant differences in segmentation time (P =0.954),
stimulated reduction and implantation time (P =0.776),
evaluation time (P=0.574) and total CAPP time (P=
0.530) among subgroups (1-20, 20-41 and 41-53/41-
72). The operation time of group A and B were also
demonstrated. There were significant differences among
the subgroups in group A (P<0.01) and group B (P<
0.01). Moreover, significant differences existed in oper-
ation time among subgroups between group A and B
(P <0.01). Figure 3 shows the learning curves of the two
groups. Group A: y = 66.341x°'%, R* = 0.701, power re-
gression; Group B: y = 0.0027 x >~0.5334x + 71.401, R* =
0.733, quadratic regression. The learning curve of the
surgical procedure in group A was steeper, and was ob-
viously below that of group B.

Clinical outcomes including operation time, radiation
frequency and blood loss of group A and B are shown in
Table 3. The average operation time of group A and B
was 45.00 (42.00, 50.00) and 55.00 (50.00, 60.00) min, re-
spectively. The average radiation frequency of each
group was 13.02 + 2.32 and 20.92 + 3.27 times. The aver-
age blood loss of the two groups was 160.0 (140.0,
170.0) and 250.0 (195.0, 279.5) mL. Significant differ-
ences (P<0.01) were observed between group A and

group B in operation time, radiation frequency and
blood loss. Three patients in group B had separation and
displacement of the trochanteric bone fragments,
whereas no separation or displacement of fractures was
observed in group A. The observed complications are
also demonstrated in Table 3. In group A, one patient
complicated with Alzheimer’s disease developed wound
infection due to repeated scratching, and the wound fi-
nally healed after 2 weeks of outpatient dressing changes.
One patient developed cerebral infarction in the left
temporal and occipital area, with decreased sensation
and muscle strength in the contralateral limb at 1 week
after surgery. Two patients died 8 weeks after surgery
because of heart failure combined with pulmonary infec-
tion. The complication rate in group A was 7.55% (4/
53). While in group B, there were 3 cases of urinary-
tract infection, 4 cases of death (1 duo to pulmonary in-
fection, 1 due to renal failure, and 2 due to cerebral in-
fraction combined with respiratory failure), with a
complication rate of 9.72% (7/72). There was no signifi-
cant difference in complication rate (P > 0.05).

As demonstrated in Table 4, the average follow-up
time was 18.00 (15.00, 21.00) months and 19.00 (18.00,
21.00) months, respectively. The average fracture healing
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fragments and bone healing

Fig. 2 The computer assisted pre-operative planning for the treatment of intertrochanteric fracture. A 75-year-old female complained of left hip
pain and movement disorder due to tumble. a Preoperative anterior-posterior (AP) X-ray showing left intertrochanteric fracture (AO/OTA 31-A2);
b, ¢ 3D volume rendering images revealed comminuted intertrochanteric fracture with one intermediate fragment; d The shaded surface display
image of the fracture fragment was labeled by 3D interactive and automatic segmentation; e Simulated fracture reduction; f The fracture with
appropriate internal fixation devices was simulated; g Postoperative AP X-ray of 12 months after surgery showing good reduction of fracture

time was 18.00 (15.50, 19.00) weeks and 18.00 (16.00,
20.00) weeks, respectively. No statistically significant dif-
ference in follow-up time and fracture healing time were
observed (P>0.05). Most patients in each group
achieved good postoperative recovery and could walk
without crutches by 4 months after surgery. The Harris

Table 2 CAPP and operation time

scores of patients at the last follow-up were evaluated
and analyzed. Group A had an average Harris score of
88.67 + 2.50, including 15 excellent cases, 27 good cases
and 3 fair cases. Group B had an average Harris score of
87.52 + 3.18, with 12 excellent cases, 31 good cases and
5 fair cases. There were no significant differences in

1-20 21-40 41-53/41-72 Total
CAPP time (min)
Segmentation 6.50 (5.25, 8.00) 6.00 (5.00, 8.75) 6.47 (4.75, 8.50) 6.89 +2.55
Simulation of reduction and implantation 13.85+334 13.10£3.26 13.52+330 1349+£325
Evaluation 5.00 (2.25, 7.00) 4.00 (2.00, 6.00) 4.50 (2.75, 5.25) 4.50 (2.00, 6.00)
Total time 25.50 (21.00, 28.00) 24.00 (22.00, 26.00) 24.00 (22.50, 26.25) 2473 £4.01

Operation time (min)
50.00 (48.00, 52.75)
65.50 (60.00, 70.00) ~

Group A
Group B

44,00 (43.25, 47.00)
58.00 (55.00, 60.00) ~

41.00 (41.00, 42.00)
50.00 (47.25, 54.75)

45.00 (42.00, 50.00)
55.00 (50.00, 60.00) ~

Data are median (25% quartile, 75% quartile) or mean + SD
*P < 0.01, significant difference between the two groups
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AO/OTA type 31-Al and 31-A3 intertrochanteric frac-
tures (P> 0.05); however, significant differences were ob-
served in AO/OTA type 31-A2 intertrochanteric
fracture (P < 0.05).

Discussion

Intertrochanteric femoral fracture is prevalent among
the elderly population, and usually requires surgical
treatments. To date, the ideal implant for the treatment
of intertrochanteric fractures remains controversial [19].
PENA-II has been considered a well-developed surgical
technology in the treatment of intertrochanteric femoral
fractures [13, 20]. Although this kind of surgery is rela-
tively easy to accomplish for experienced surgeons, it is
still challenging for beginners. When performed by
young surgeons, operative failure and loss of self-
confidence may occur because of insufficient assessment
of bone fragments and inappropriate selection of im-
plants. Therefore, accurate preoperative design at the

Table 3 Clinical outcomes

early learning stage is particularly important. Because it
could help lower the learning difficulty and increase self-
confidence in beginners. This study was performed to
validated whether CAPP could help reduce the learning
difficulty of PENA-II treatment of intertrochanteric fem-
oral fractures of beginners.

In conventional preoperative planning, the 3D mor-
phological characteristics of fractures are imagined by
surgeons based on 2D images (radiographs, CT scans or
magnetic resonance imaging (MRI) slices). This kind of
preoperative planning relies on the clinical experience
and subjective imagination of surgeons, which may be
distorted and inaccurate. Many studies investigated
novel preoperative planning methods in order to im-
prove the efficiency and effectiveness. One of them was
3D printing technology. A 3D printing model can pro-
vide a direct and interactive display of fracture charac-
teristics, and can be used to perform virtual procedures
in vitro such as fracture reduction and simulation

Group A (n=53) Group B (n=72) P value
Operation time (min) 45.00(42.00, 50.00) 55.00 (50.00, 60.00) <001
Blood loss (mL) 160.00 (140.00, 170.00) 250.00 (195.00, 279.50) <001"
Radiation frequency (times) 13.02+232 2092 +3.27 <001"
Postoperative complications
Wound infection 1 0
Urinary-tract infection 0 3
Cerebral infraction 1 0
Death 2 4
Complication rate (%) 7.55% (4/53) 9.72% (7/72) 0.671

Data are median (25% quartile, 75% quartile) or mean + SD
*significant difference (P < 0.01)
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Table 4 Patients reported outcomes
Group A (n=45) Group B (n=48) P value
Follow-up time (mon) 18.00 (15.00, 21.00) 19.00 (18.00, 21.00) 0.229
Fracture healing time(w) 18.00 (15.50, 19.00) 18.00 (16.00, 20.00) 0317
Harris score
31-A1 86.67 £ 2.50 88.83 £3.95 0.167
31-A2 89.57 +£2.65 86.82+2.83 0010"
31-A3 88.29+3.92 8763+253 0512
total 88.64 £2.79 87.60 +3.02 0.088

Data are mean + SD or median (25% quartile, 75% quartile)
*significant difference (P < 0.05)

surgery [21]. However, this technology is available for
only a few patients because it is expensive and time con-
suming, which limited its clinical applications. Okada
et al. [22] described a method that extract fracture lines
based on 3D curvature analysis. It was used for the repo-
sitioning and registration of bone fragments in proximal
femoral fractures. This provided a new model of pre-
operative planning for computer-guided fracture
reduction.

Our CAPP system could show the fracture characteris-
tics of patients and pre-perform surgical procedures (in-
cluding fracture reduction and implantation simulation)
in a direct and virtual manner. Moreover, the system en-
ables 3D morphological measurements of the femoral
head, shaft, and diameter of femur after reduction, which
could directly guide the selection of implants. The aver-
age CAPP time was <1h, which was not time-
consuming. A previous study [23] has also demonstrated
that CAPP based on virtual surgical technology has sev-
eral advantages, including shorter preoperative planning
time, shorter interval from injury to surgery, and shorter
duration of hospital stay, in the treatment of proximal
humeral fractures.

CT/3D CT data are necessary for reconstruction and
assessment in the CAPP system. Plain radiographs have
some limitations; for example, coronal fragments are dif-
ficult to identify on radiographs [24]. However, knowing
the incidence and morphology of coronal fragments are
important to avoid potential intraoperative pitfalls. Al-
though plain radiographs may reveal fracture details with
a relatively lower cost for patients, CT/3D CT examin-
ation was more reliable and helpful for preoperative as-
sessment, especially for intramedullary fixation [25].

Learning curves are important for surgeons to under-
stand and master a certain surgery with a specific device.
Our hypothesis was that surgical experience has signifi-
cant effects on the operative time. The results showed that
with the accumulation of surgical experience, the oper-
ation time gradually decreased and the learning curve for
intramedullary fixation with PNFA-II became acceptable.
As shown in Fig. 3, the learning curve of CAPP group was

steeper than that of the conventional group, indicating
that the surgical procedure could be managed faster with
less surgical volume with the assistance of CAPP. Such
conclusions were consistent with those of other similar
learning curve studies [26, 27]. The average operation time
with a learning curve effect was about 40 min, consistent
with other previous studies [20].

Observing and performing operations are important
parts of surgical training in the orthopedic field [28].
PENA treatment is a highly standardized procedure, and
is often used for training younger surgeons. The com-
mon way of training is to allow residents to perform op-
erative procedures under the supervision of senior
surgeons. Cases involving patients with morbidity, osteo-
porosis and the trauma setting are often challenging
problems for beginners. Thus, a direct and virtual way
for simulating surgical procedures has great value. Previ-
ous studies revealed an increasingly important role of
surgical simulators [29, 30] as well as virtual reality assis-
tants [31] in the surgical training of orthopaedic resi-
dent. Although the CAPP system in this study only
served as a useful tool for preoperative design, we be-
lieve that it might have the potential to become a rou-
tine part of resident education in orthopaedic surgery.
Residents could learn surgical procedures by observing
senior surgeons, performing surgical simulation with
CAPP, and conducting actual operations step by step.
Further studies investigating the organic integration of
CAPP and virtual reality display could guide the path for
more efficient and precise preoperative designs.

Moreover, the application of CAPP enables preventing
lateral femoral wall fracture during the operation. The
lateral femoral wall, firstly introduced by Gotfried [32],
has gain its recognition by orthopaedic surgeons in the
treatment of intertrochanteric fractures. Im et al. [33]
used dynamic hip screws (DHS) to treat 66 patients with
intertrochanteric fractures classified as AO/OTA type
31-Al. Nine patients had comminution of the lateral
cortex either during the operation or postoperatively.
Palm et al. [34] reported about the integrity of the lateral
femoral wall as a main predictor of reoperation. Hsu
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et al. [35] demonstrated that lateral femoral wall thick-
ness is a reliable predictor of postoperative lateral wall
fracture in intertrochanteric fractures. And intertrochan-
teric fractures with a lateral wall thickness < 20.5 mm
should not be treated with DHS alone. The intact lateral
wall has played a key role in preoperative reduction, im-
plants selection and postoperative stability of internal
fixation in unstable intertrochanteric fractures. There-
fore, maintaining the integrity of the lateral wall should
be an important objective in all stabilization procedures
for unstable trochanteric fractures. Compared with the
conventional preoperative planning, CAPP has shown
excellent effects in terms of maintaining the integrity of
the lateral femoral wall during the preoperative designs
processes. In the CAPP group, there were no lateral wall
fractures during the operation and postoperatively.

Patients in the CAPP and conventional group all per-
formed functional exercises after surgery. The Harris
score at 1-year follow-up showed satisfactory clinical ef-
fects (88.64 +2.79 and 87.60 +3.02 in the CAPP and
conventional groups, respectively). Especially, the Harris
score in AO/OTA type 31-A2 intertrochanteric fractures
of the CAPP group was significantly higher than that in
the conventional group. CAPP has the potential to im-
prove the clinical outcomes of PFNA-II treatment of
intertrochanteric fractures, especially in comminuted
fractures with separated greater and lesser trochanters,
and varus deformity. However, according to the AO/
OTA-2018 classification, type 31-A2 fracture (trochan-
teric region fracture) are defined as multi-fragmentary
per-trochanteric lateral wall incompetent (< 20.5 mm)
fracture [36]. This might lead to bias because the type
31-A2 fracture in AO/OTA-2007is totally different from
that in the new classification. AO/OTA-2018 stressed
the importance of the lateral wall by using the involve-
ment of lateral wall as classification basis not the lesser
trochanter fragments.

Previous studies have demonstrated that extended and
progressive exercise can significantly promote the rehabili-
tation of limb function and improve the quality of life [37].
Postoperative rehabilitation exercise in elderly patients are
important for the limb function recovery. In addition, post-
operative complications showed no significant differences
between the two groups. The complication rates were simi-
lar with those reported in previous studies [20, 38].

This study has some limitations. First, many factors
could influence the operation time, including the com-
plexity of fractures. Because complicated fracture would
increase the operation time, surgeons at the early stages
of the learning curve usually choose relatively simple
and typical cases, which is conducive to mastering the
surgical technique and improving self-confidence. This
may lead to bias because complex cases are rare. Ran-
domized studies are needed to reduce the selection bias.
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However, as this was a retrospective study, the bias was
difficult to eliminate. This will inevitably affect the evalu-
ation of the learning curve. Second, potential bias due to
difference in the skill level of surgeons could exist, be-
cause we could not expect the two surgeons to be “iden-
tical clones”. However, this was an inherent limitation of
this kind of study to investigate an impact on the learn-
ing curves regardless of prospective or not, like investi-
gating the impact of training level on the learning [39].
Considering the non-divergent characteristics of in-
cluded patients, as well as the same medical background
and surgical exposure of the two surgeons, we still be-
lieve that the current study is qualified to clarify the
topic. Third, the follow-up evaluations were performed
in the outpatient setting and, some patients in both
groups were lost to follow-up. This may have affected
the evaluation of the postoperative patient-reported out-
comes. In addition, the follow-up time is not sufficient
for the long-term evaluation of function. Lastly, the
CAPP system is not popular, and our results could only
represent the improvement of clinical skills at our insti-
tution. Potential bias may also exist in this regard. Fur-
ther multi-center prospective and randomized studies
are needed to evaluate the importance of CAPP in im-
proving the learning curves of PFNA-II treatment of
intertrochanteric fracture patients.

Conclusion

This study indicated that compared with the conven-
tional preoperative planning, CAPP significantly reduced
the operation time, radiation frequency and blood loss
of PFNA-II intramedullary fixation for femoral intertro-
chanteric fractures. The preoperative designs generated
by the CAPP system reshaped the learning curve of
PENA-II treatment with significantly lower learning dif-
ficulty. Professional training to master this surgical tech-
nique is essential for junior surgeons. When performed
by surgeons having a mastery of the technique, PFNA-II
treatment could be a reliable and effective option for pa-
tients with intertrochanteric femoral fractures.
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