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Abstract
Background: Accurate preoperative planning is an important step for accurate reconstruction in total hip
arthroplasty (THA). Presently, preoperative planning is completed using either a two-dimensional (2D)
template or three-dimensional (3D) mimics software. With the development of arti�cial intelligence (AI)
technology, AI HIP, a planning software based on AI technology can quickly and automatically identify
acetabular and femur morphology, and automatically match the optimal prosthesis size. However, the
accuracy and feasibility of its clinical application still needs to be further veri�ed. The purposes of this
study were to investigate the accuracy and time e�ciency of AI HIP in preoperative planning for primary
THA, compared with 3D mimics software and 2D digital template; and further analyze the factors that
in�uence the accuracy of AI HIP.

Methods: A prospective study was conducted on 53 consecutive patients (59 hips) undergoing primary
THA with cementless prostheses in our department. All preoperative planning was completed using AI
HIP as well as 3D mimics and 2D digital template. The predicted component size and the actual
implantation results were compared to determine the accuracy. The templating time was compared to
determine the e�ciency. Furthermore, the potential factors in�uencing the accuracy of AI HIP were
analyzed including sex, body mass index (BMI), and hip dysplasia.

Results: The accuracy of predicting the size of acetabular cup and femoral stem was 74.58% and 71.19%,
respectively, for AI HIP; 71.19% (P = 0.743) and 76.27% (P = 0.468), respectively, for 3D mimics; 40.68% (P
< 0.001) and 49.15% (P = 0.021), respectively, for 2D digital templating. The templating time using AI HIP
was 3.91±0.64 min, which was equivalent to 2D digital templates (2.96±0.48 min, P < 0.001), but shorter
than 3D mimics (32.07±2.41 min, P < 0.001). Acetabular dysplasia(P = 0.021), rather than sex and BMI,
was an in�uential factor in the accuracy of AI HIP templating. Compared to patients with developmental
dysplasia of the hip (DDH), the accuracy of acetabular cup in the non-DDH group was better (P = 0.021),
but the difference in the accuracy of the femoral stem between the two groups was statistically
insigni�cant (P = 0.062).

Conclusion: AI HIP showed excellent reliability for component size in THA. Acetabular dysplasia may
affect the accuracy of AI HIP templating.

Background
Total hip arthroplasty (THA) is a successful orthopedic surgery that can reduce pain and improve joint
function. However, when the prosthesis is improperly selected, it will lead to a series of intraoperative and
postoperative complications, such as: leg length discrepancy[1], joint dislocation[2],  periprosthetic
fracture[3], aspetic loosening[4, 5] and stress-shielding[6, 7]. This will lead to an increase in the revision
rate, resulting in patient dissatisfaction and lower clinical score. 

Therefore, a successful THA requires the selection of the most suitable prosthesis size and restoration of
joint biomechanics. Accurate preoperative planning can help obtain information about reconstruction
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results in advance[8]. Although navigation and robots can provide relatively accurate preoperative
planning, they are time-consuming and costly, with high error rates of the manual system, and long
learning curve involved[9]. Therefore, preoperative planning with navigation or robots cannot be an ideal
conventional application technology at present. At present, 2D templates are mostly used in clinical
practice, but their accuracy is low due to the in�uence of X-ray magni�cation[10] and projection
position[11]. Petretta et al.[12]compared the preoperative planning of 260 patients with the �lm template
method and digital template; the complete accuracy rate of both methods was only 28%. Holzer et al.
[13] conducted a retrospective study on 632 patients using a digital template, and the complete accuracy
rate of predicting acetabular cup and femoral stem was 37% and 42%, respectively. While Efe[14] for 169
patients using a digital template was 33.7% and 36%, respectively. A few hospitals use 3D planning
software for preoperative planning of THA. Although, the accuracy is relatively high, the acetabular
rotation center, femoral osteotomy position, and femoral stem implantation depth, which require constant
manual adjustment and cumbersome operation, could not be located. Zeng et al.[15] used 3D mimics to
make preoperative planning for 20 patients with Crowe IV hip dysplasia, and the complete accuracy of
acetabular cup was 70% and 100% within one size. Sariali et al.[16] used 3D software for preoperative
planning of 30 patients receiving THA, and the accuracy of predicting one size of the femoral stem and
acetabular cup was 100% and 96%, respectively. Inoue et al.[17] used 3D planning software Zed hip to
plan 65 hips of 57 patients. The complete accuracies of acetabular cup and femoral stem were 92% and
65%, respectively, and the accuracy rate of one acetabular cup and femoral stem was 100% and 98%,
respectively. 

The 2D and 3D planning methods mentioned are subjective or time-consuming. Therefore, to achieve
rapid planning and avoid planning deviation caused by personal experience is the key problem to be
solved in preoperative planning. With the development of arti�cial intelligence (AI) technology, AI HIP, a
planning software based on AI technology can quickly and automatically identify acetabular and femur
morphology, and automatically match the optimal prosthesis size. However, the accuracy and feasibility
of its clinical application still needs to be further veri�ed. As far as we know, the accuracy of AI HIP has
not been studied.

Therefore, we carried out a prospective study to evaluate: (1) The accuracy and time e�ciency of AI HIP
and compare with the 3D mimics and the 2D digital template; (2) The factors that in�uence the accuracy
of AI HIP: Sex, BMI, and hip dysplasia.

Materials And Methods
This was a prospective clinical study to assess the accuracy of AI HIP in primary THA and to further
analyze the factors in�uencing its accuracy. The research protocol was approved by the institutional
review board and all participants gave their written informed consent.

From October 2019 to July 2020, preoperative planning was performed for every patient who underwent
primary THA with cementless prostheses. All included patients underwent preoperative CT scans and
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routine X-ray examination. CT scan, ranging from the upper edge of pelvis to at least 10 cm distal to the
lesser trochanter, was carried out with a Toshiba Aquilion 64 CT scanner (Voltage: 120 kVp, electric
current: Intelligent mA control, according to the patient fat and thin draw mA curve, CT matrix: 512 × 512
matrix, slice thickness: 1mm). And the CT images were stored in DICOM format. 

On the eve of the surgery, each patient was planned using AI HIP, 3D mimics, and 2D digital template,
which were divided into three groups: AI, 3D, and 2D groups. The results of each group were recorded,
including: acetabular cup size, femoral stem size, and templating time. The templating time is the period
from the beginning of importing data to the end of planning. All THAs were performed by the same senior
arthroplasty surgeon, using the same posterolateral approach. The actual size of the prosthesis
implanted during the operation was obtained from surgical records. The preoperative planning results of
each group were compared with the actual intraoperative implant sizes to determine their accuracy. In
this study, all preoperative planning was performed by the author. To identify planning reliability, all
plannings were checked by two experienced surgeons. If there was a disagreement, the planning was
repeated with all the three surveyors agreed upon.

   To ensure that the surgeon was not affected by the pre-operative planning results during the surgery
and to maintain the consistency between the planning and the surgery, the surgeon was blind to the
planning results. 

Preoperative planning

1. AI group preoperative planning

1.1 The working principle of AI HIP: The raw CT data were input into the segmentation model and 3D
recognition model, both of which are deep learning models based on neural networks. The segmentation
module separates the different parts of the bone and uses a multiple 3D segmentation neural network
(using Unet as baseline) to ensure segmentation accuracy, dividing the bone into different areas such as
the pelvic and femur areas. The anatomical point recognition module uses the point recognition neural
network of face recognition and pattern recognition technology to accurately calculate the coordinates of
corresponding points, locate the key points on the skeleton, and output the coordinates of the points,
such as: the lesser trochanter, greater trochanter, tear drop, and anterior superior iliac spine. Then, AI HIP
matches the optimal prosthesis through an automatic search engine based on big data and
reinforcement learning, and �nally, the perfect intelligent results are planned (Fig. 1).

1.2 Planning process: The DICOM format of the hip CT data was converted to “.cmg “ format, the “.cmg”
format image data of the patient was imported into AI HIP software (Changmugu), which automatically
segmented the bones through AI technology and established 3D models of the pelvis and femur. Through
ampli�cation or rotation, the 3D images could be visualized and the severity of the lesions could be
grasped (Fig. 2). Through neural network automatic correction of the pelvis and simulating pelvic
anteroposterior X-ray, leg length discrepancy, and femoral offset were calculated automatically. According
to the modeling and calculation before, according to the automatic recognition of acetabular
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anteroposterior diameter and upper and lower diameter, the optimal acetabular cup size was selected
from the prosthesis database and automatically matched to the acetabular socket model. The acetabular
cup is automatically placed with an anteversion angle of 20°and an abduction angle of 40°, so that the
acetabular coverage rate can be calculated automatically. The coverage rate can change with real-time
changes in the abduction angle and anteversion angle. The appearance and size of the prosthesis in the
database are exactly the same as the prosthesis used in the operation, and there is no prosthesis
deviation. If you are not satis�ed with the automatic placement of AI, you can �ne-tune it. Based on the
automatic recognition of bone markers such as the epiphysis of the femoral shaft and the inner and outer
cortex of the femoral shaft, the software selected the optimal femoral stem size from the prosthesis
database, matched it automatically to the 3D model, and the femoral head size was selected according to
the size of the acetabular cup (Fig 3). After the prosthesis was placed, the leg length difference and offset
under ideal conditions could be calculated automatically. At this time, femoral neck osteotomy could be
performed. Finally, after the acetabular cup, femoral stem, and femoral head were placed, the software
automatically calculated the length difference of the lower limbs and the height of the osteotomy
(distance from the osteotomy plane to the tip of the lesser trochanter), and simulated the effect of pelvic
anteroposterior radiography after operation (Fig 4, Fig 5). 

2.3D group preoperative planning 

2.1 Fabrication of 3D prosthesis: In order to make the shape and size of the 3D prosthesis consistent with
the prosthesis prototype used in surgery, we used a 3D scanner (Epson E-018) to scan the PINACLE
acetabular cup, SUMMIT, and CORAIL stem of various sizes. The original size model was established by
reverse modeling with Geomagic Studio 2012 (Raindrop) and saved in STL format.

2.2 Planning process: The patient CT data in DICOM format were imported into mimics19 software
(materialize). The original mask of the bone was selected by a threshold segmentation function. The
pelvis and femur were segmented by region growing, editing mask function, and Boolean operation. The
3D model was then reconstructed. First simulate the acetabular cup implantation, measure the anterior
and posterior diameter length of the acetabulum, select the PINNACLE 3D cup with similar anterior and
posterior diameter lengths to import into mimics in STL format, make the 3D cup adhere to the anterior
and posterior wall of the acetabulum on the transverse section, the coronal, sagittal, and select the
optimal size of the acetabular cup after repeated adjustments on the coronal, sagittal, and 3D pelvic
models[18, 19]. The femoral stem was then planned, and the STL format of the SUMMIT or CORAIL
femoral stem was imported, and the best prosthesis �tted closely with the epiphyseal cortex of the
femoral shaft[17, 20]. The appropriate size of the femoral head was selected, based on the size of the
acetabular cup (Fig. 6).

3. 2D group preoperative planning

2D digital templating was based on the AP pelvic X-ray, which was performed in a standard manner with
a 38mm magni�cation marker ball in the perineum area at the level of the greater trochanter. The
patient's standard pelvic anteroposterior X-ray was imported into the 2D digital template (Smart joint,
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Depuy Synthes), and the diameter of the marker ball was set to 38mm. The digital template prosthesis
was superimposed on the AP pelvic radiograph, and the optimal size of the prosthesis was selected
according to the matching situation between the: acetabular cup, the acetabulum, femoral stem, and
femoral medullary cavity[21] (Fig. 7). 

Finally, the accuracy and time e�ciency of the AI and 3D groups, AI group, and 2D group were compared,
and the factors in�uencing the accuracy of AI HIP were further analyzed, mainly from three aspects: 1)
sex; 2) BMI (according to the CHINA standard: Normal: 18.5 ~ 23.9; Pre-overweight/obese: 24–27.9;
Obesity: ≥28), hip dysplasia (developmental dysplasia of the hip (DDH) group and non-developmental
dysplasia of the hip (non-DDH) group).

Statistical analysis

Quantitative data are described as mean ± standard deviation, while categorical variables are described
as counts (percentage). The prediction was considered accurate if it was consistent with the size used
intraoperatively. Chi-square test or Yates corrected chi-square test (when appropriate) was used to
compare the accuracy of the three methods. The multivariate model was �tted using a generalized
estimation equation (GEE) to estimate the accuracy of the three methods for cup and stem, respectively,
adjusting for: sex, surgical side, hip dysplasia, age, and BMI. The distribution of dependent variables was
binomial with log as the link function. The templating time comparison among the three methods was
performed using the GEE, and the dependent variable distribution was a Gaussian distribution. The
signi�cant level alpha was set to 0.05, and all statistical analyses were performed using R 3.6.3 software.

Results
From October 2019 to July 2020, a total of 53 patients (29 men and 24 women) were included in the
study.  The mean age of the patients was 57.4 ± 1.7 years (27–79 years). There were 25 left and 34 right
hips (59 hips). According to CHINA criteria: 6 (10%) hips were underweight, 33 (56%) were in the normal
range, 13 (22%) were pre-overweight/obese, and 7 (12%) were obese. The primary diagnosis was: DDH in
16 (27.12 %) hips, osteoarthritis (OA) in 16 (27.12%) hips, osteonecrosis of the femoral head (ON) in 16
(27.12%) hips, ankylosing spondylitis (AS) in 9 (15.25%) hips, and rheumatoid arthritis (RA) in 2 (3.39%)
hips. OA, ON, AS, and RA were classi�ed as non-DDH groups, 43 (72.88%) hips. The PINACLE cup (DePuy,
Warsaw, IN, USA) was used in all hips, SUMMIT (DePuy, Warsaw, IN, USA) stem was used in 43 hips, and
a CORAIL (DePuy, Warsaw, IN, USA) stem was used in 16 hips.

Accuracy of prosthesis size

The accuracy of predicting size of acetabular cup and femoral stem components were 74.58% (44 of 59)
and 71.19% (42 of 59), respectively, for AI HIP group; 71.19% (42 of 59) and 76.27% (45 of 59),
respectively, for 3D mimics group; 40.68% (24 of 59) and 49.15% (29 of 59), respectively, for 2D digital
group Fig 8, 9 . The accuracy of AI HIP was signi�cantly higher than that of the 2D digital template, with
a statistical difference between the two methods (OR: 0.196 (0.087-0.441), P < 0.001 for cup; 0.377
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(0.164-0.864), P =0.021 for stem). Compared with the 3D mimics, the accuracy of AI HIP was comparable
to that of the 3D mimics, with no signi�cant difference between the two methods (cup: P =0.743, stem: P
=0.468) Table 1, 2 .

Time e�ciency

The preoperative planned templating time of the AI group was 3.91±0.64 minutes, 32.07±2.41 minutes
for the 3D group, and 2.96±0.48 minutes for the 2D group. The templating time of AI HIP was 28.105 min
shorter than that of the 3D mimics (P <0.001), and 0.891 min longer than that of the 2D digital template
(P <0.001) Table 3 .

Factors in�uencing the accuracy of the AI HIP

1. Sex: the accuracy of acetabular cup in female patients was 76.00% (19 of 25) and male patients was
73.53% (25 of 34), there was no statistically signi�cant difference between the two groups (P =0.829).
The accuracy of the femur stem in female patients was 68.00% (17 of 25) and male patients was 73.53%
(25 of 34), and there was no statistically signi�cant difference between the two groups (P = 0.643). It can
be seen that sex has no effect on the accuracy of planning acetabular cup and femoral stem by AI HIP. 

2. BMI: The accuracy of acetabular cup: normal group (18.5 ~ 23.9) was 78.79% (26 of 33); the
overweight/obese group (24–27.9) was 69.63% (9 of 13); obese group (BMI≥28) was 69.63% (4 of 7),
and there was no statistically signi�cant difference among the three groups (P = 0.600). Concerning the
accuracy of the femur stem, the normal group (18.5 ~ 23.9) was 66.67% (22 of 33); the overweight/obese
group (24–27.9) was 76.92% (10 of 13), and the obese group (BMI≥28) was 85.71% (6 of 7). There was
no statistically signi�cant difference between the three groups (P = 0.725). Therefore, BMI has no effect
on the accuracy of planning acetabular cup and femoral stem using AI HIP.

3. Hip dysplasia: Concerning the accuracy of acetabular cup, the DDH group was 50% (8 of 16), while the
non-DDH group was 83.72% (36 of 43). The difference between the two groups was statistically
signi�cant (P = 0.021). As for the accuracy of the femoral stem, the DDH group was 50% (8 of 16), while
the non-DDH group was 79.07% (34 of 43) respectively. There was no statistically signi�cant difference
between the two groups (P = 0.062). Therefore, in DDH patients, the accuracy of AI HIP to predict the
acetabular cup seemed low, though, it had little impact on the accuracy of the femoral stem (Table 4, 5).

Discussion
Preoperative planning for THA has evolved from the widely used 2D digital template to 3D software
planning, with a gradual improvement in the accuracy of prediction. However, most of the software
operation procedures of 3D planning are still complicated and time-consuming at present. In this study,
the AI HIP was used for preoperative planning of patients undergoing primary THA. The accuracy of
acetabular cup and femoral stem prediction was 74.58% (44 of 59) and 71.19% (42 of 59), respectively,
and the average operation time was 3.91±0.64 min. Compared with the 3D mimics, the accuracy was
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similar, but the operation time was greatly shortened, making the operation more convenient. Compared
with the traditional 2D digital template, its accuracy was much higher, with a slightly longer operation
time than that of the digital template, but it can provide a 3D perspective that cannot be provided by the
2D digital template. In this study, AI technology was used for preoperative planning of THA for the �rst
time, and was compared with the accuracy and time e�ciency of 3D and 2D planning. Combined with the
current era of big data, the clinical application value of this technology in preoperative planning was
established.

In order to highlight the objectivity of AI HIP, 3D mimics and 2D digital templates were planned and
compared. In previous studies on 3D planning, Inoue et al. [12] conducted a retrospective study on 65
hips of 57 patients with a total of 65 hips using 3D planning software-zed-hip. The results showed that
the complete accuracy of the femoral stem was 65%, 98% in one size, and 92% in the acetabular cup, and
100% in one size. Similarly, using the 3D planning software-zed-hip, Erik et al. conducted a retrospective
preoperative planning study on 116 patients. The results showed that the complete accuracy of the
femoral stem was 58.6%, 94% in one size, and 56.9% in the acetabular cup and 86.2% in one size [14].
The accuracy rate of 3D planning in the preoperative planning of complex hip joint diseases is also high.
For example, Zeng et al. 3 D mimics was used to study the preoperative planning of 20 cases of DDH
patients with high dislocation. The results showed that the complete accuracy rate of acetabular cup was
70%, and that of one size was 100%, while the results of the traditional 2D template showed that the
complete accuracy rate of the acetabular cup was 25%, and that of one size was 45% [10]. Similarly,
peihui et al. [15] also used mimics to plan the acetabular cup in 41 patients with 49 hip DDH. The results
showed that the complete accuracy was 71%, and 100% within a size. It can be seen that the above 3D
preoperative planning related research results show a high accuracy rate, and has a great advantage in
the planning of complex hip diseases. This is because 3D planning software provides different 3D
perspectives. In our study, the results of 3D mimics planning showed that the complete accuracy of
acetabular cup was 71.19%, and that of one size was 93.22%. The complete accuracy of the femoral
stem was 76.27%, and that of one size was 93.22%, which was similar to the previous 3D planning
results. The accuracy of the AI HIP also reached the prediction level of this 3D software (cup: complete
accuracy was 74.58%, in one size was 94.92%; stem complete accuracy was 71.19%, in one size 93.22%).
In previous studies on 2D digital templates, the accuracy of prosthesis prediction was low due to the
in�uence of many factors. Strøm et al. [16] used a double-blind method to perform preoperative planning
for 41 patients. The results showed that the complete accuracy rate of acetabular cup was 7.3%, that of
one size was 41%, that of femoral stem was 34%, and that of one size was 76%. Shaarani et al. [17]
carried out preoperative planning for 100 patients with the same digital template. The results showed that
the complete accuracy rate of the acetabular cup was 38%, one size was 80%, and the complete accuracy
rate of the femoral stem was 36%. Since the adjacent model of the accolade stem was 0.5, the internal
size of one was 75%. Schiffner et al. [14] compared 3D and 2D planning methods, and the results showed
that the complete accuracy rate of 2D planning acetabular cup was 44.8%, 45.7% for femoral stem, 56.9%
for 3D planning of acetabular cup, and 58.6% for femoral stem. The above studies on 3D and 2D showed
that the accuracy of 3D planning was signi�cantly higher than that of 2D planning. In our 2D digital
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template planning, the results showed that the complete accuracy of the acetabular cup was 42%,
including one size was 75%, the femoral stem was 50%, and including one size was 77%. The results of
this study were similar to those of previous relevant literature. All plannings were checked by two
experienced surgeons. If there was a disagreement, the planning was repeated by all the three surveyors
agreed upon. Therefore, our results are both effective and reliable.

The AI HIP was found in 10 consecutive planned hip joints that the prediction of acetabular cup and
femoral stem �uctuated in one size. In the �rst 10 patients planning, the accuracy of the acetabular cup
and femoral stem was 70%. In the planning of 10-20 patients, the accuracy rates of acetabular cup and
femoral stem were 80% and 70%, respectively. It shows that AI HIP was relatively stable, and there was no
obvious deviation in the automatic learning in the early stage, so the planning could continue without
elimination. In the whole study, there were 11 hips in one size, 2 hips in two sizes, and 1 hip in more than
three sizes. In two hips with a difference of 2 sizes, one was osteoarthritis due to malunion of a chronic
femoral neck fracture. It became the shallow acetabulum fossa edge on the part of the deformation,
when the acetabulum cup matches 54 mm bone coverage rate of 87%, while the actual intraoperative
application of 50 mm acetabulum cup, the reason may be that AI planned the position and size of
acetabular cups in the ideal state. However, when the acetabular cup was ground to 50mm during the
operation, it was found that the coverage rate of the acetabular cup was su�cient and the stability of the
cup was satisfactory. So, the grinding was not deepened. The other was the same AI software that
planned a 54mm acetabular cup, and a 50mm acetabular cup was used in the operation. The possible
reason was that in patients with ankylosing spondylitis because of ankylosis of the hip joint, the
acetabulum was fused with the femoral head, and the software could not accurately segment the
acetabulum and femoral head, resulting in a large deviation. Thus, the application of AI HIP in
preoperative planning for serious AS needs further investigation. There was one case with a difference of
more than 3 sizes. This patient had severe hip osteoarthritis with osteophytes around the hip joint.
However, the software matched a 52mm acetabular cup according to the true anterior and posterior
diameter of the acetabulum, including the upper and lower diameter of the acetabulum. Perhaps the
surrounding osteophytes interfered with the software in recognizing the acetabulum morphology. This led
to a large error in the planning results. In the planning of the femoral stem, there were 10 hips in one size,
3 hips in two sizes, and 1 hip in three sizes. In 3 hips with a difference of 2 sizes, 2 hips were DDH, which
may be due to: the variation of femoral neck anteversion angle and the increase of neck stem angle, the
enlargement and upward movement of the femoral anterior arch, the enlargement of the anteroposterior
diameter of the proximal femoral medullary cavity, and the reduction of transverse diameter. This may
lead to the deviation of AI in identifying: the epiphysis of the femoral shaft, the medial and lateral cortex
of the distal femur, resulting in large planning errors, which requires AI HIP to make su�cient planning
after a large number of DDH cases. It can determine the femoral variation of DDH, so that it can be more
accurate in DDH. In the case of 3 sizes, the anterior femoral arch of the patient was signi�cantly enlarged,
which may have led to a bias towards matching the smaller femur stem during AI planning.

Our study also compared the operation time of the three planning methods. The results showed that the
operation time of AI HIP was shorter than that of 3D mimics. The study of preoperative planning of the
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operation time has also been reported before, Erik Schiffner et al. [14] compared the operation time of 3D
and 2D for the �rst time. The results showed that the average operation time of the 2D template was 12
minutes (range: 8-23 min), while that of the 3D template was 17 minutes (range: 10-25 min). The
operation time of 2D was faster than that of 3D, with an average of 5 minutes interval. When sariali et al.
used hip-plan 3D planning software, the operation time was 10-15minutes. Similarly, Inoue [12] et al. used
a zed hip for preoperative planning, and the operation time was also 10-15 minutes. The reason for which
their 3D planning time was faster than our 3D mimics planning time was because the algorithms of the
pelvic plane, femoral morphology, and anatomical markers in their 3D software were automatic, while our
3D mimics was manual in pelvic segmentation, modeling, prosthesis implantation, and other operations.
However, the AI HIP in our study was 3-5 times faster than the 3D software planning reported before, and
10 times faster than 3D mimics. This is because the software uses 3D segmentation neural network and
3D anatomical recognition neural network technology, which can quickly identify, segment, correct, and
measurement by arti�cial intelligence, greatly shortens the planning time. Petretta [7] compared the time
e�ciency of the acetate template and digital template, and the results obtained showed that the
operation time of the digital template was 154 s (range: 73-343 s). In our study, the operation time of the
2D digital template was 2.96±0.48 minutes, which was similar to the results of petretta.

In the analysis of factors in�uencing the accuracy of AI HIP, we found that sex had no in�uence on the
software. Holzer et al., studied the accuracy of digital template in cementless prosthesis in 2D
preoperative planning. The results obtained also showed that sex had no in�uence on the accuracy of
digital template prediction [8] because of little variation and limited  differences in sex in the ampli�cation
rate of markers. [22]. Previous studies on the in�uencing factors of BMI on the accuracy of 3D planning
also found that obese patients were not affected by the accuracy of CT navigation to locate the
acetabular cup[23]. In our study, AI HIP adds AI technology based on the CT data of patients. It is also
based on the CT data for 3D planning, which is not affected by the magni�cation. Therefore, the accuracy
of its prediction is not affected by BMI. In the analysis of hip dysplasia, we found that the accuracy of AI
HIP in the DDH group was lower than that in the non-DDH group, and the difference was statistically
signi�cant. However, there was no signi�cant difference in the accuracy between the DDH and non-DDH
groups in the planning of the femoral stem. The main reason for these results was that 16 hips in the
DDH group were Crowe I-II type, and the degree of femoral deformity variation was small. So, there was
no signi�cant difference in accuracy between the DDH and non-DDH groups. On the acetabular side,
although the deformity variation is relatively light, which is not as severe as Crowe III-IV high dislocation
deformity, AI HIP was in situ reconstruction during the planning of acetabular cup, without proper upward
or inward movement according to the degree of variation of acetabular deformity, and the placement
angle is 40° abduction angle and 20° anteversion angle. In the actual operation, 13 (81.25%) of the 16
hips in the DDH group had the acetabular cup appropriately moved upward or inward in order to achieve
greater bone coverage. This may be the reason why the software was inaccurate in predicting acetabular
cups in patients with DDH. Therefore, the software needs to expand the planning of the number of cases
of each type of DDH, continuously strengthen the deep learning of the angle and position of the



Page 11/20

placement of each type of DDH acetabular cup, so as to master the placement rules of each type of DDH
prosthesis, and achieve accurate planning in DDH planning.

Innovation:
Based on AI technology and big data, compared with previous 2D and 3D studies, AI HIP has the
following innovations: (1) Speed: one-button intelligent operation, simple operation; (2) Visualization: 3D
visualized image output is immersive, providing realistic 3D visual anatomy; (3) Pelvic correction:
Automatically corrects the position of the pelvis and lower limbs, without constant manual adjustment;
(4) automatic planning: arti�cial intelligence planning can avoid planning deviation caused by personal
experience, while the results of other 2D template methods and 3D template measurements are related to
the experience level of the surveyors, and the more skilled the operation, the more accurate the results; (5)
output scheme: generate a multi-perspective observation planning scheme, which is easy to realize in
operation; (6) continuing education; further support and improvement of continuing education to shorten
the doctor's learning curve. At the same time, in this study, in order to avoid surgeon selection deviation,
the blind method was adopted for the surgeon because if the surgeon participated in preoperative
planning, the surgeon might change the grinding technique and insert a larger or smaller part by removing
more or less bones when necessary, which will lead to errors.

Limitations:
(1) The prosthesis used in this study was limited to depuy products, and the range of prosthesis selection
was small. (2) The sample size of the study was small, and the in�uencing factors of diseases were only
divided into DDH and non-DDH groups, without further subdividing the difference in accuracy of the
software in different diseases. (3) Only the accuracy of prosthesis size was evaluated, but important
parameters such as: rotation center, offset, and leg length discrepancy were not further evaluated. (4)
Because of the need for CT scanning, the X-ray radiation exposure of patients was large, and the
economic cost was also high. (5) CT data need to be copied, whether the data transmission process can
be optimized or needs no further research. However, this is not the scope of this experiment. Next, we will
continue to: expand the cases, further study the accuracy of AI HIP in different diseases, evaluate its
reproducibility in biomechanical planning and its impact on postoperative clinical e�cacy.

Conclusions
AI HIP showed excellent reliability for component size in THA. Acetabular dysplasia may affect the
accuracy of AI HIP templating. Therefore, it is necessary to continue to expand the number of DDH cases
and continuously strengthen the AI learning process.

Abbreviations
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ankylosing spondylitis;  RA: rheumatoid arthritis.

Declarations
Acknowledgements 

We would like to thank Depuy and Changmugu for their assistance in providing AI HIP software.We would
like to thank Editage (www.editage.cn) for English language editing.

Authors’contributions

WXJ , BYF and CY collected the data. HJB performed all preoperative planning and was the major
contributors in writing the manuscript. HGX and ZC analyzed and checked all preoperative planning
results. HD was responsible for analyzing the data. CDZ and ZC reviewed the manuscript. All authors
read and approved the �nal manuscript.

Fundings

This work were supported by grants obtained from the Science and Technology Project of Guangdong
Province (No. 2016B090916003), the Natural Science Foundation of Guangdong Province (No.
2018030310355).

Availability of data and materials

The datasets during and/or analyzed during the current study available from the corresponding author on
reasonable request.

Ethics approval and consent to participate

The study was approved by the local institutional review board.

Consent for publication

Written consents for publication were obtained from all study participants.

Competing interests

The authors declare that they have no competing interests.

Authors' information

1Department of Orthopedics, Orthopedic Hospital of Guangdong Province,The Third Affiliated Hospital of
Southern Medical University, Guangzhou, Guangdong, China. 



Page 13/20

2Department of quality management and evaluation, Orthopedic Hospital of Guangdong Province, The
Third Affiliated Hospital of Southern Medical University, Guangzhou, Guangdong, China.

References
1. Maloney WJ, Keeney JA: Leg length discrepancy after total hip arthroplasty. The Journal of

arthroplasty 2004, 19(4 Suppl 1):108-110.

2. Seagrave KG, Troelsen A, Malchau H, Husted H, Gromov K: Acetabular cup position and risk of
dislocation in primary total hip arthroplasty. Acta orthopaedica 2017, 88(1):10-17.

3. Lindberg-Larsen M, Jørgensen CC, Solgaard S, Kjersgaard AG, Kehlet H: Increased risk of
intraoperative and early postoperative periprosthetic femoral fracture with uncemented stems. Acta
orthopaedica 2017, 88(4):390-394.

4. Wei J, Cai X, Wang Y, Chen H, Zhang B: [Mechanisms, prevention, and treatments of prosthetic
aseptic loosening]. Zhongguo xiu fu chong jian wai ke za zhi = Zhongguo xiufu chongjian waike
zazhi = Chinese journal of reparative and reconstructive surgery 2010, 24(3):296-300.

5. Streit MR, Innmann MM, Merle C, Bruckner T, Aldinger PR, Gotterbarm T: Long-term (20- to 25-year)
results of an uncemented tapered titanium femoral component and factors affecting survivorship.
Clinical orthopaedics and related research 2013, 471(10):3262-3269.

�. Pitto RP, Bhargava A, Pandit S, Munro JT: Retroacetabular stress-shielding in THA. Clinical
orthopaedics and related research 2008, 466(2):353-358.

7. Sanki T, Endo H, Tetsunaga T, Furumatsu T, Yamada K, Ozaki T: Ten-Year Outcomes of Total Hip
Arthroplasty Using Fit-and-Fill Type Cementless Collared Straight Stem Implants: Relationship
between the Initial Contact Status and Stress Shielding. Acta medica Okayama 2020, 74(1):7-15.

�. Thirion T, Georis P, Gillet P: [Preoperative planning interest of a total hip prosthesis]. Revue medicale
de Liege 2019, 74(11):593-597.

9. Banerjee S, Cherian JJ, Elmallah RK, Pierce TP, Jauregui JJ, Mont MA: Robot-assisted total hip
arthroplasty. Expert review of medical devices 2016, 13(1):47-56.

10. White SP, Bainbridge J, Smith EJ: Assessment of magni�cation of digital pelvic radiographs in total
hip arthroplasty using templating software. Annals of the Royal College of Surgeons of England
2008, 90(7):592-596.

11. Linclau L, Dokter G, Peene P: Radiological aspects in preoperative planning and postoperative
assessment of cementless total hip arthroplasty. Acta orthopaedica Belgica 1993, 59(2):163-167.

12. Petretta R, Strelzow J, Ohly NE, Misur P, Masri BA: Acetate templating on digital images is more
accurate than computer-based templating for total hip arthroplasty. Clinical orthopaedics and related
research 2015, 473(12):3752-3759.

13. Holzer LA, Scholler G, Wagner S, Friesenbichler J, Maurer-Ertl W, Leithner A: The accuracy of digital
templating in uncemented total hip arthroplasty. Archives of orthopaedic and trauma surgery 2019,
139(2):263-268.



Page 14/20

14. Efe T, El Zayat BF, Heyse TJ, Timmesfeld N, Fuchs-Winkelmann S, Schmitt J: Precision of
preoperative digital templating in total hip arthroplasty. Acta orthopaedica Belgica 2011, 77(5):616-
621.

15. Zeng Y, Lai OJ, Shen B, Yang J, Zhou ZK, Kang PD, Pei FX, Zhou X: Three-dimensional computerized
preoperative planning of total hip arthroplasty with high-riding dislocation developmental dysplasia
of the hip. Orthopaedic surgery 2014, 6(2):95-102.

1�. Sariali E, Mauprivez R, Khiami F, Pascal-Mousselard H, Catonné Y: Accuracy of the preoperative
planning for cementless total hip arthroplasty. A randomised comparison between three-dimensional
computerised planning and conventional templating. Orthopaedics & traumatology, surgery &
research : OTSR 2012, 98(2):151-158.

17. Inoue D, Kabata T, Maeda T, Kajino Y, Fujita K, Hasegawa K, Yamamoto T, Tsuchiya H: Value of
computed tomography-based three-dimensional surgical preoperative planning software in total hip
arthroplasty with developmental dysplasia of the hip. Journal of orthopaedic science : o�cial journal
of the Japanese Orthopaedic Association 2015, 20(2):340-346.

1�. Yang Y, Zuo J, Liu T, Xiao J, Liu S, Gao Z: Morphological Analysis of True Acetabulum in Hip
Dysplasia (Crowe Classes I-IV) Via 3-D Implantation Simulation. The Journal of bone and joint
surgery American volume 2017, 99(17):e92.

19. Xu J, Qu X, Li H, Mao Y, Yu D, Zhu Z: Three-Dimensional Host Bone Coverage in Total Hip
Arthroplasty for Crowe Types II and III Developmental Dysplasia of the Hip. The Journal of
arthroplasty 2017, 32(4):1374-1380.

20. Hassani H, Cherix S, Ek ET, Rüdiger HA: Comparisons of preoperative three-dimensional planning and
surgical reconstruction in primary cementless total hip arthroplasty. The Journal of arthroplasty
2014, 29(6):1273-1277.

21. Schiffner E, Latz D, Jungbluth P, Grassmann JP, Tanner S, Karbowski A, Windolf J, Schneppendahl J:
Is computerised 3D templating more accurate than 2D templating to predict size of components in
primary total hip arthroplasty? Hip international : the journal of clinical and experimental research on
hip pathology and therapy 2019, 29(3):270-275.

22. Wu P, Liu Q, Fu M, Zhang Z, He S, Liao W, Kang Y: Value of Computed Tomography-Based Three-
Dimensional Pre-operative Planning in Cup Placement in Total Hip Arthroplasty With Dysplastic
Acetabulum. Journal of investigative surgery : the o�cial journal of the Academy of Surgical
Research 2019, 32(7):607-613.

23. Strøm NJ, Reikerås O: Templating in uncemented THA. On accuracy and postoperative leg length
discrepancy. Journal of orthopaedics 2018, 15(1):146-150.

24. Shaarani SR, McHugh G, Collins DA: Accuracy of digital preoperative templating in 100 consecutive
uncemented total hip arthroplasties: a single surgeon series. The Journal of arthroplasty 2013,
28(2):331-337.

25. Sariali E, Mouttet A, Pasquier G, Durante E: Three-dimensional hip anatomy in osteoarthritis. Analysis
of the femoral offset. The Journal of arthroplasty 2009, 24(6):990-997.



Page 15/20

2�. Heep H, Xu J, Löchteken C, Wedemeyer C: A simple and convenient method guide to determine the
magni�cation of digital X-rays for preoperative planning in total hip arthroplasty. Orthopedic reviews
2012, 4(1):e12.

27. Imai N, Takubo R, Suzuki H, Shimada H, Miyasaka D, Tsuchiya K, Endo N: Accuracy of acetabular cup
placement using CT-based navigation in total hip arthroplasty: Comparison between obese and non-
obese patients. Journal of orthopaedic science : o�cial journal of the Japanese Orthopaedic
Association 2019, 24(3):482-487.

Tables
Due to technical limitations, the tables are only available as a download in the supplemental �les section.

Figures

Figure 1

The �ow chart diagram showed the working principle of AI HIP.
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Figure 2

Schematic diagram of 3D modelings of AI HIP.

Figure 3

Schematic diagram of simulation of cup placement by AI HIP.
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Figure 4

Schematic diagram of simulation of femoral stem placement by AI HIP.
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Figure 5

Images showed AI HIP multi view observation planning.

Figure 6

Schematic diagram of cup and stem of planning by 3D mimics.
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Figure 7

Schematic diagram of cup and stem of planning by 2D digital templating.
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Figure 8

Prediction accuracy of cup of AI, 3D and 2D methods.

Figure 9

Prediction accuracy of stem of AI, 3D and 2D methods.
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