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Abstract
AIM: To compare the postoperative mechanical align
ment achieved after total knee arthroplasty (TKA) using 
computer tomography (CT) based patient specific blocks 
(PSB) to conventional instruments (CI).

METHODS: Total 80 knees were included in the study, 
with 40 knees in both the groups operated using PSB 
and CI. All the knees were performed by a single 
surgeon using the same cruciate sacrificing implants. 
In our study we used CT based PSB to compare with 
CI. Postoperative mechanical femoro-tibial angle (MFT 
angle) was measured on long leg x-rays using picture 
archiving and communication system (PACS). We 
compared mechanical alignment achieved using PSB 
and CI in TKA using statistical analysis.

RESULTS: The PSB group (group 1) included 17 
females and seven males while in CI group (group 2) 
there were 15 females and eight males. The mean age 
of patients in group 1 was 60.5 years and in group 2 
it was 60.2 years. The mean postoperative MFT angle 
measured on long-leg radiographs in group 1 was 
178.23° (SD = 2.67°, range: 171.9° to 182.5°) while 
in group 2, the mean MFT angle was 175.73° (SD = 
3.62°, range: 166.0° to 179.8°). There was significant 
improvement in postoperative mechanical alignment (P  
value = 0.001), in PSB group compared to CI. Number 
of outliers were also found to be less in group operated 
with PSB (7 Knee) compared to those operated with CI 
(17 Knee).  
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CONCLUSION: PSB improve mechanical alignment 
after total knee arthroplasty, compared to CI. This may 
lead to lower rates of revision in the PSB based TKA as 
compared to the conventional instrumentation.
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Core tip: Computer tomography (CT) based patient 
specific blocks (PSB) can help restore the mechanical 
axis of the patients undergoing primary total knee 
replacement. In the present study, the PSB group 
had significantly better post-operative mechanical 
axis as compared to the conventional instrumentation 
group. CT based PSB holds promise to help in accurate 
restoration of the mechanical axis and might decrease 
the rates of revision after total knee arthroplasty.

Vaishya R, Vijay V, Birla VP, Agarwal AK. Computerized 
tomography based “patient specific blocks” improve postoperative 
mechanical alignment in primary total knee arthroplasty. World J 
Orthop 2016; 7(7): 426-433  Available from: URL: http://www.
wjgnet.com/2218-5836/full/v7/i7/426.htm  DOI: http://dx.doi.
org/10.5312/wjo.v7.i7.426

INTRODUCTION
Total knee arthroplasty (TKA) has been a successful 
surgery providing excellent functional results in a 
patient with an advanced degenerative joint disease 
of the knee. It has been accepted that postoperative 
lower limb alignment is an important parameter for 
favorable functional outcomes in TKA[1]. Arthroplasty 
surgeons aim to achieve an average mechanical angle 
(i.e., 180°) and any variation more than 3° may lead 
to poor functional results and early implant failure[2,3]. 
Therefore, postoperative mechanical alignment has 
been considered an important index for a successful 
surgery amongst arthroplasty surgeons.

The commonly used conventional instruments (CI) 
in TKA consist of intramedullary (I/M) femoral alignment 
guide and extramedullary (E/M) tibial alignment 
guide. Although these instruments are familiar to most 
surgeons and easy to use, they have demonstrated 
a limited degree of accuracy[4]. The CI used as I/M 
femoral guide is aligned on the basis of anatomical axis 
of the femur. However, the surgeon intends to have 
distal femur bone cut perpendicular to the mechanical 
axis (MA) of the femur. In this technique, the surgeon 
has to make an assumption about the femoral valgus 
angle which may lead to error in bone cuts, due to 
the discrepancy in the assumed and the real femoral 
valgus angle. Also, there could be errors in rotational 
alignment that is estimated using the epicondylar axis 
or the anteroposterior axis as popularized by Whiteside 

et al[5]. The epicondylar axis is hard to determine and 
can lead to significant inter as well as intra-observer 
variability[6-8]. The I/M guide is dependent on an exact 
fit of the rod in the femoral canal, which is not always 
obtained and on the position of the entrance hole in the 
femur, which is user dependent and may significantly 
alter the distal femoral mechanical angle[9-12]. Due to 
several inherent limitations of CI, there was a need for 
improvement, and this has prompted efforts to develop 
a more precise surgical technology for restoring an 
accurate mechanical axis after TKA. 

This initiative led the development of computer-
assisted surgery (CAS) techniques. Although, CAS has 
been shown to improve MA over CI, it is also associated 
with disadvantages like increased surgical time, 
expensive instrumentation, steep learning curve, higher 
number of personnel required and higher infection 
rates[13,14].

Patient specific blocks (PSB) were introduced as an 
alternative to CAS and CI, with the goal of improving 
postoperative alignment, implant positioning and 
overcoming the shortcomings associated with the CAS 
and CI. These blocks were manufactured before the 
surgery after a computerized tomography (CT) analysis 
(Figure 1). The primary aim of these blocks is to opti
mize the bone cuts so as to achieve accurate MA of 
the lower limb. There has been recent interest seen in 
the literature regarding the use and efficacy of patient 
specific instruments (PSI) in achieving the optimal 
MA after TKA. But, until now the published reports 
comparing PSI and CI in primary TKA vary regarding 
the actual advantages of PSB[15-19].

We undertook this study with the aim to compare 
the postoperative mechanical alignment achieved using 
PSI and CI in TKA to assess the efficacy of CT-based 
PSB in the achievement of anatomical alignment after 
primary TKA.

MATERIALS AND METHODS
This study was a prospective, comparative single study 
conducted over a period of one year. All the patients 
who came with severe degenerative arthritis of knee 
(Ahlback’s grade 3 or 4) and planned for TKA during 
the period from November 2013 to October 2014 
in one unit were included in this study. An approval 
from the institutional review board was taken. As the 
technique of PSB was still new and very few patients 
were aware of it, all the subjects were first explained 
and made familiar with the technique of PSB and its 
difference from CI for TKA. Patient were informed about 
the expected benefits and advantages of PSB, and also 
about the extra cost of 400$ per knee involved in using 
the PSB (cost of CT Scannogram and manufacturing of 
the blocks). Subjects who were ready to bear the extra 
cost, willing to undergo the CT scan, and gave consent 
were operated using PSB, and were named as group 
1. Remaining subjects were conducted using CI and 
designated as group 2. 
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Each group included 40 knees. Most of the knees 
had varus deformity except six knees in each group 
having a valgus deformity. CT scan of group 1 subjects 
was done preoperatively in the same institute and data 
sent to PSB manufacturing unit. PSB manufactured 
from Stryker® was used for all subjects in group 1 (Figure 
1). Stryker Scorpio™ posterior stabilized knee system 
was used in all the patients. 

An anterior-posterior radiograph of the knee in 
standing and lateral positions was done preoperatively. 
Each of these patients was operated by the same 
surgeon (RV) in the same operating setup and using a 
similar protocol. 

An anterior midline longitudinal incision with 
modified Insall’s approach[20] was used in all the TKA 
and the majority of operating steps were same in both 
the groups, except that the alignment guides (PSB) 
were used in group 1 (Figures 2 and 3). In group 
2, E/M alignment guide for tibia and I/M alignment 
guide for femur were used. The tibial alignment guide 
was adjusted to achieve 0º varus/valgus cut with 5º 
posterior slope, whereas on the femoral side 50 valgus 
(which was reduced to 30 valgus for valgus knees) 
and 30 external rotation was kept in the alignment 
guide. The decision to change the femoral valgus angle 
in the valgus knees in the CI group was taken based 
on standard protocol and was not based on any pre-

operative femoral valgus angle calculation. 
We aimed to achieve a rectangular gap of 20 mm 

which was equally symmetrical in both flexion and 
extension. All the modifications required in operating 
steps for proper bone cuts to achieve accurate align
ment were done intraoperatively in group 2 patients 
performed with CI. Whereas, in group 1 patients all 
the planning was done preoperatively, which started 
with preoperative CT scannogram followed by an 
assessment of bone cut on virtual bone models and 
finally fabrication of blocks after approval from the 
operating surgeon (Figure 1). These blocks were then 
used intraoperatively to decide the pin position over 
which a conventional cutting jig was placed for planned 
bone cuts.

The primary aim of this study was to compare the 
postoperative mechanical alignment achieved with using 
PSI and CI in TKA. The MA was assessed by measuring 
the Mechanical femoral-tibial angle (MFT angle) on 
a long-leg radiograph of lower limb done on second 
follow-up visits, planned after one month of surgery, as 
most of the patients were able to stand erect with full 
knee extension and without any support (Figure 4). All 
the MFT angles were measured by a single individual of 
the operating unit (VB) who first underwent adequate 
training in the measurement of the MFT angle on long 
leg standing radiographs. Outliers of the mechanical 
axis after total knee arthroplasty were defined as those 
patients who had values of mechanical axis ± 3 degrees 

Figure 1  Patient specific blocks used in the present study (A: Femoral jig, B: Tibial jig).

Figure 2  Tibial jig conforming to the proximal tibial anatomy and fiiting 
well to the bone. This jig is used for insertion of the proximal tibial pins 
followed by use of the conventional proximal tibial jig.

Figure 3  Femoral jig matching the contour of the anterior femoral cortex.
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from the neutral 180º. Thus, inter-observer and intra-
observer variation were avoided. Data from both the 
groups was analyzed and compared using statistical 
analysis as mentioned below.

Statistical analysis
Statistical analysis was performed by the SPSS program 
for Windows, version 17.0. Continuous variables were 
presented as mean ± SD or median and categorical 
variables were presented as absolute numbers and 
percentage. Data were checked for normality before 
statistical analysis. Normally distributed continuous 
variables were compared using the unpaired t test, 
whereas the Mann-Whitney U test was used for those 
variables that were not normally distributed. Categorical 
variables were analyzed using either the χ 2 test or 
Fisher’s exact test. For all statistical tests, a P value less 
than 0.05 were taken to indicate a significant difference.

RESULTS
The study group 1 included 17 females and seven 
males while in group 2 there were 15 females and 
eight males. The mean age of patients in group 1 
was 60.5 years and in group 2 it was 60.2 years. In 
group 1, 16 patients had bilateral, and 8 had unilateral 

TKA. In group 2, 17 patients had bilateral, and 6 had 
unilateral TKA. No significant difference was found 
between the two groups concerning age, sex, and 
sidewise distribution. The mean postoperative MFT 
angle measured on long-leg radiographs in group 1 was 
178.23° (SD = 2.67°, range - 171.9° to 182.5°) while 
in group 2, the mean MFT angle was 175.73° (SD = 
3.62°, range - 166.0° to 179.8°) (Table 1).There was 
a significant difference in postoperative MA achieved in 
PSI (group 1) compared to CI (group 2) with p-value = 
0.001. In group 1 there were 7 outliers while in group 
2, there were 17 outliers (Figures 5 and 6). Thus, there 
was also increase in outliers in group 2 compared to 
group 1. There was a significant difference in outliers 
achieved in PSI (group 1) compared to CI (group 2) 
with p-value = 0.0147 (Figures 5 and 6).

DISCUSSION
The number of TKA annually is increasing every year, 
but the main concern for a surgeon and patient under
going primary TKA remains long-term survival of the 
implant. Also, the increased morbidity, healthcare cost 
and complications associated with revision surgery 
have further guided the arthroplasty surgeons to strive 
for longer implant survival. One of the most important 
factors contributing to implant survival is accurate 
mechanical alignment. Various techniques like computer 
navigation, PSI, etc., have been introduced to achieve 
precise mechanical alignment in TKA.

The importance of accurate postoperative mechanical 
alignment of lower limb for the successful outcome of 
TKA has been accepted widely and supported by several 
studies. As early as in 1977, Lotke et al[21] reported the 
importance of accurate implant positioning in the long 
term survival of knee implants. These findings were 
further corroborated by Ritter et al[2] who demonstrated 
an increased failure rate for knees in varus. Sharkey 
et al[3] concluded that most of the revisions which 
were performed within the first two years of primary 
surgery were due to errors in surgical technique. This 
background knowledge prompted the development 
and introduction of PSI with the aim of improving 
post-operative mechanical alignment while bypassing 
the drawbacks of CAS. Improvement in mechanical 
alignment with the use of PSI in TKA was first reported 

Figure 4  Postoperative weight bearing long leg radiograph measuring the 
hip-knee-ankle angle axis (mechanical axis).

PSB group 
(n  = 40)

Mean ± SD

Conventional 
group 

(n  = 40)
Mean ± SD

Mean 
difference

P  value

  Postop MFT 
  angle

178.23 ± 2.67 175.73 ± 3.62 2.497 0.001

Table 1  comparison of post-operative mechanical femoral 
tibial angle between the patient specific block group and the 
conventional group

Postop: Post operation; MFT: Mechanical femoro-tibial; PSB: Patient 
specific blocks.

Vaishya R et al . CT based PSB improves mechanical alignment in TKA
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by Hafez et al[22] on cadaveric knees and plastic bones. 
Similar results were obtained from a study done by Ng 
et al[4] where they compared 569 TKA done with PSI to 
155 TKA done with conventional instruments and found 
decreased a number of outliers with PSI. The numbers 
of outliers with any technique used in TKA remains an 
important observation and indicate the efficacy of that 
technique. We also found decreased outliers with the 
use of PSI, in our study. Heyse et al[23] and Renson et 
al[24] also noticed decreased the number of outliers with 
PSI (13%) compared to conventional jig (29%). 

However, some authors found contradictory results 

in their studies. Abane et al[25] compared 70 TKA 
done with PSI to an equal number of TKA done with 
CI and could not find any significant improvement in 
the post operative MA with the use PSI over CI. Klatt 
et al[26] reported 4 patients operated with PSI showed 
malalignment in mechanical axis. From their small 
case series, they opined that this emerging technology 
ignores conventional principles of TKA and the software 
used unreliable at present. Chen et al[16] in their study 
of 60 patients found increased outliers with the use of 
PSI. Parratte et al[27] suggested that more refinement 
needed to be done in PSI to have better control of 
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Figure 5  Scatter diagram depicting the distribution of the post-operative mechanical femoro-tibial angle (mechanical femoro-tibial angle) in the patient 
specific block group (group 1). MFT: Mechanical femoro-tibial angle.

Figure 6  Scatter diagram depicting the distribution of the post-operative mechanical femoro-tibial angle (mechanical femoro-tibial angle) in the 
conventional instrument group (group 2). MFT: Mechanical femoro-tibial angle.
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the tibial rotation. The inferior results in these studies 
could have been due to the evolving technology of PSI 
at the time of these studies, the associated learning 
curve and different designs of the cutting jig used in the 
studies[16,25,26].

The other point of discussion in the use of PSI is the 
radiological method used for pre-operative planning. 
This technology utilizes advanced imaging techniques 
like magnetic resonance imaging (MRI) and CT scan to 
reproduce a 3D model of the patient’s bone which is in 
turn used to create jigs which are used intra-operatively 
either to directly take bone cuts or to guide the insertion 
of pins. The debate regarding the best imaging modality 
is ongoing. In a systematic review of the use of CT vs 
MRI in PSI showed a decreased number of outliers in 
the CT group (12.5%) as compared to MRI (16.9%) 
group[28]. There are various advantages of the CT-
based PSI over MRI-based (Table 2). The CT scan is 
associated with decreased cost and imaging times[28]. 
Moreover, it can be easily performed in patients with 
cardiac pacemakers and metallic implant in situ. The 
widespread availability of the CT scan in a developing 
country, also make it accessible to a larger profile of 
surgeons and patients. Even in high volume center, 
there is usually a single MRI machine which can further 
increase the waiting period of the patient. The accuracy 
of the CT-based PSI as compared to the MRI-based 
PSI have been found to be comparable[29,30]. The 
only disadvantage of the CT scan based PSI is the 
possibility of increased radiation exposure as compared 
to MRI. This has further been circumvented by the 
use of focused scans of the hip, knee and ankle, which 
further decreases the dosage of radiation to 5MSv, 
which is comparable to the background radiation or 
approximately 70 chest X-rays[31]. In the present study, 
CT-based PSI technique was used and found to provide 
a satisfactory outcome.

In the present study, we found more accurate 
alignment in TKA done by PSI compared to CI, with a 
statistically significant improvement in MFT angle in PSI 
group (P = 0.001). The number of outliers was also 

decreased with the use of PSI. The mean MFT angle 
measured postoperatively in group 1 was 178.23° and 
in group 2 it was 175.73°. The preoperative planning 
done in PSI group was the main reason for achieving 
accurate MA postoperatively. The CT scannogram 
of lower limb done preoperatively gives thorough 
information of actual bony anatomy of knee and limb 
alignment. The patient specific blocks thus produced 
fit to patient’s bony anatomy accurately and thus 
lead to proper pin positioning and accurate bone cuts 
intraoperatively. Proper pin positioning, and accurate 
bone cuts can be attributed as the reasons for the 
improvement in mechanical alignment in TKA with PSI. 

PSI avoids manual error involved in pin position with 
conventional instruments. The accuracy of the valgus cut 
angle depends on an accurate entry point and the snug 
fit of the intra-medullary alignment rod in the femoral 
canal. These two factors are circumvented by the use of 
PSI and hence may be responsible for better achievement 
of the distal femoral valgus angle. Moreover, the 
positioning of the extra-medullary alignment rod for the 
tibia depends on the surgeon’s perception of centralizing 
the rod at the center of the ankle. This is subject to 
error due to the surgeon (difference in perception of the 
alignment) and also due to patient factors like excessive 
fat and soft tissue around the ankle, etc. With the use of 
PSI, both these factors are decided pre-operatively during 
planning and hence the manual error is minimized.

There were certain shortcomings of the present 
study. The study was not a randomized controlled trial. 
Our sample size was also small, but it can be considered 
a representative study and further studies should be 
done to define the exact efficacy of PSI in improving the 
overall mechanical axis.

Considering the current trends of joint replacement 
and also due to a consistent increase in the life expectancy 
of the population, there is going to be an exponential 
growth in the number of total knee arthroplasty being 
done. The focus is shifting to increase the long-term 
survival of the artificial joints in a cost efficient manner, 
to decrease the financial and health burden of revision 

Computerized tomography based blocks Magnetic resonance imaging based blocks

  Time for study Lesser (approximately 5 min) Longer (approximately  45 min)
  Cost Economical Costlier
  Radiation exposure Uses ionizing radiation. But focused hip-knee-ankle 

computerized tomography scanogram reduces exposure to 5 
mSv (equal to yearly background exposure)

Does not use ionizing radiation

  Availability Easily available Not available at all centers
  Patient turn over Useful for high patient turnover centers Not suitable for high patient turnover center
  Contraindication Can be used in patient with any metal prosthesis in situ Cannot be used in patient with metal prosthesis or 

cardiac pacemaker in situ
  Based on Bony landmarks Cartilage
  Accuracy Comparable Comparable
  Initial infrastructure set up cost Lower as compared to MRI High, non affordable for low volume centres
  Claustrophobia No contraindication Can not be performed in claustrophobic patients

Table 2  Comparison of computerized tomography based and magnetic resonance imaging based patient specific blocks

Vaishya R et al . CT based PSB improves mechanical alignment in TKA
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surgery. PSI technology is a step in this direction as 
it helps in improving the postoperative mechanical 
axis and also improve the operating room efficiency. 
This study defines that the PSI technology helps in 
significantly improving the postoperative mechanical 
alignment as compared to conventional technology and 
has future potential to provide long-term benefits to 
patients.
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