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Background: Limb length discrepancy (LLD) following total hip arthroplasty (THA) can be a significant problem and leading
to patient dissatisfaction. Several researchers have reported that imageless navigation is a reliable technique and results in
more precise cup placement compared to conventional freehand techniques, however, few studies have been reported about
the accuracy of the femoral stem placement.

Objective: (1) To evaluate the precision of an imageless navigation system in measuring the limb length change and (2) to
evaluate LLD following imageless navigation THA with modified registration technique in semilateral decubitus position.
Material and Method: The authors reviewed 66 cases receiving cementless THA with imageless navigation from September
2013 to December 2014. The radiographic limb length change measured from pre-operative and post-operative digital
x-ray was compared with the intraoperative calculation by the navigation system. Postoperative LLD in unilateral cases and
second operation of staged bilateral cases were also recorded.

Results: The mean radiographic limb length change measured on digital x-ray was 174 mm (5 to 29.3, SD 5.7). The mean
limb length change calculated by navigation system was 16.8 mm (3 to 28,SD 5.9). The mean paired difference was 2.27 mm
(-6 to 8, SD 0.9). This difference was significant (p = 0.01). There was significant correlation between LL change measured
on digital x-ray and which were calculated by navigation system (r = 0.95, p<0.001). The navigation system had an
accuracy of within 1 mm of the radiographic measurement in 7.6% of cases, within 2 mm in 39.4% of cases and within 5 mm
in 93.9% of cases. The mean postoperative LLD was 2 mm (0 to 7, SD 1.9), 92% were within 5 mm.

Conclusion: The present study showed that the imageless navigation THA with modified registration technique in semilateral
decubitus position offered a precise limb length measurement and the results encouraged us for clinical use to minimize
LLD in THA.
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Total hip arthroplasty (THA) is one of the most
successful orthopedics procedures. However, limb
length discrepancy (LLD) following THA can be a
significant problem and leading to patient dissatisfac-
tion. LLD following THA may contribute to abnormal
gait, knee and back pain, abnormal force transmission
across the joint, instability and early failure of the
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prosthesis. Even for experienced surgeons it is chal-
lenging to obtain equal limb length during the surgery.

To minimize this problem, many techniques
have been proposed to assess the limb length intra-
operatively with varying results->. Nowadays, the use
of computer navigation in THA is increasing. Several
researchers®!? have reported that imageless naviga-
tion is a reliable technique and results in more precise
cup placement compared to conventional freehand
techniques.

Few studies have been reported about the
accuracy of the femoral stem placement using imageless
navigation.Manzotti A. et al'® compared imageless
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navigation and freehand technique in the benefit of
leg length restoration and found that in thenavigation
group, the mean postoperative discrepancy was reduced
to 5.06 mm (range, 0-12) as compared to 7.64 mm
(range, 0-20) in the freehand group. They concluded
that restoration of leg length was significantly better
in the navigation group.

The purposes of the present study were (1) to
evaluate the precision of an imageless navigation sys-
tem in measuring the limb length change by comparing
the limb length change measured from pre-operative
and post-operative digital x-ray with the intraopera-
tive values recorded by navigation system and (2) to
evaluate LLD following imageless navigation THA
with modified registration technique in semilateral
decubitus position.

Material and Method

The present study was approved by the Ethics
Committee of the Maharat Nakorn Ratchasima Hospi-
tal. From September 2013 to December 2014, patients
receiving cementless total hip arthroplasty with
imageless navigation were included in the present
single-center study. The exclusion criteria were patients
who were not suitable for cementless prosthesis (Dorr
type)"'?.

All cases underwent cementless THA (Metha
or Excia stems and Plasmafit cup; B. Braun Aesculap,
Tuttlinggen, Germany) with imageless navigation in
semilateral decubitus position with OrthoPilot THA Pro
software (Aesculap AG). Two small pins were inserted
into the ipsilateral ASIS through a stab incision.The
authors modified the technique by inserting another
two pins into the medial side of the distal femur instead
of using the proximal femoral clamp to measure limb
length change (Fig. 1). The navigation trackers were
attached to both pin adaptors. Bony landmarks
(Anterior Superior Iliac Spinein both sides and Pubic
Symphysis) were determined and digitalized with a
metal pointer to define anterior pelvic plane (APP) and
the native limb length was measured.

All patients were performed with the modified
Hardinge’s approach. After removal the femoral head,
the deepest point of the acetabular fossa was registered
as an additional reference point. Then, by using the trial
cup, the native abduction and anteversion angles of
the acetabulum were determined. During reaming, the
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position of the reamer was acquired by the navigation
system and the operating surgeon was provided with
real-time information about the resulting position of
the reamer (medialization, cranialization and antero-
posterior direction) and its orientation (abduction and
anteversion) in relation to APP as well as the native
acetabulum. After reaching the design reaming posi-
tion, the final cup was implanted and the operating
surgeon was provided with real-time information about
the cup position and orientation. Cup orientation was
aimed at 40°+5° of abduction and 15°+5° of antever-
sion in all cases. The final cup position was saved by
the navigation system. After finishing the cup, the
operating table was tilted forward until the patient was
in the lateral decubitus position, then the patient’s leg
was dropped anteriorly to perform the femoral stem
(Fig. 2). After final stem sizing, the operating surgeon
was provided with real-time information about the stem
position and the amount of the limb length change.
After finishing the stem, the stem position and the limb
length change were recorded by the navigation system.

Preoperative and minimum three months
postoperative digital x-rays were used to measure the
limb length discrepancyusing the method described
by Ranawat et al® (Fig. 3). On an AP radiograph of
both hips, the authors drew a horizontal reference
line through the inferior aspect of the teardrop. The
perpendicular distance between the reference line
and the lessor trochanter was measured in each side
to calibrate the limb length discrepancy. Using the non-
operated side as the reference,the limb length change
was calculated by the difference between preoperative
and postoperative LLD. All measurements were
performed 2 times in 2 weeks interval and averaged.
Postoperative LLD in unilateral cases and second
operation of staged bilateral cases were also recorded.
Patients’ age, gender, BMI and diagnosis were recorded
as demographic data.

Statistical analysis

The radiographic limb length change measured
from pre-operative and post-operative digital x-ray
were compared with the intraoperative calculation by
the navigation system by a paired t-test and a Pearson
correlation test with Stata version 10.0. A p-value less
than 0.05 was considered statistically significant.
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Table 1. Demographic data of navigated-THA patients

Characteristic Total n = 66

Unilateral procedures 25

Staged bilateral procedures 41
First operation 16/41
Second operation 25/41

Gender, n (%)

Male 56 (84.8%)
Female 10 (15.2%)

Age (years), Mean (range, SD)
BMI (kg/m?), Mean (range, SD)
Diagnosis, n (%)

489 (21 t0 70, 13.3)
22.58(16.5t0 32.5,3.5)

Osteonecrosis (ONFH) 51 (77.3%)

Developmental dysplasia of the hip (DDH) 13 (19.7%)

Post-traumatic arthritis 2 (3%)

Table 2. Limb lengthchange measured on x-ray and navigation
X-ray value Navigation value Paired difference p-value
Mean(range, SD) Mean (range, SD) Mean (range, SD)

Limb 17.4 mm. 16.8 mm. 2.27 mm. =0.01
length
change (5t029.3,5.7) (3t028,5.9) (-6t08,0.9)

Fig.1 (A) The patient was performed in semilateral decubitus position. (B) Two pins were inserted into the medial side of
the distal femur to measure the limb length change.
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Fig.2 The patient’s leg was dropped anteriorly to perform
the femoral stem.

Fig.3 These x-ray pictures showed preoperative (A) and
postoperative (B) measurements of the limb length
discrepancy. A horizontal reference line was draw
through the inferior aspect of the teardrop. The per
pendicular distance between the reference line and
the lessor trochanter was measured in each side to
calibrate the LLD.
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Results

There were 66 cases in the present study.
Twenty-five cases (37.9%) were unilateral procedures,
16 cases (24.2%) were first operation and 25 cases
(37.9%) were second operation of staged bilateral
procedures. The mean patient age was 48.9 years (21
to 70, SD 13.3) and 84.8% of cases were men. There
were 51 cases of osteonecrosis of the femoral head
(ONFH) (77.3%), 13 cases of developmental dysplasia
of the hip (DDH) (19.7%) and 2 cases of post-traumatic
arthritis (3%). The mean BMI was 22.58 km/m?(16.5
to 32.5,SD 3.5) (Table 1).

The mean radiographic limb length change
measured on digital x-ray was 17.4 mm (5 to 29.3,
SD 5.7). The mean limb length change calculated by
navigation system was 16.8 mm (3 to 28,SD 5.9). The
mean paired difference was 2.27 mm (-6 to 8,SD 0.9).
This difference was significant (p = 0.01) (Table 2).
There was significant correlation between LL change
measured on digital x-ray and which calculated by
navigation system (r =0.95, p<0.001). The navigation
system had an accuracy of within 1 mm of the radio-
graphic measurement in 7.6% of cases, within 2 mm
in 39.4% of cases and within 5 mm in 93.9% of cases.
The mean LLD in unilateral and second operation of
staged bilateral cases was 2 mm (0 to 7, SD 1.9),92%
of cases (46/50) LLD was within 5 mm.

Discussion

Limb length discrepancy after THA is a
common problem. White TO and Dogall TW!>
demonstrated that 41 in 272 hips in their series were
lengthened more than 10 mm. Whitehouse MR et al1®
reported a series of 191 patients underwent THA and
found that 8.9% of cases had shortening,0.5% no LLD
and 90.6% had lengthening. In 21.5% the LLD was
more than 10 mm.

There were many intraoperative methods to
minimize LLD. Bose” used a measuring caliberand
found that the average postoperative limb length in-
equality was 3.4 mm and 84% of cases had limb length
within 6 mm of the contralateral side.Ranawat et al®
used a vertical Steinmann pin at the infracotyloid
groove of the acetabulum in 100 consecutive primary
THA and demonstrated that the mean postoperative
limb length inequality was 1.9 mm (-7 to 8) and none
of the patients had to use shoe lifts for equalization
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of the limb lengths. Shiramizu K et al® used the
L-shaped caliper in 50 cases and demonstrated that
the mean post-operative limb length inequality was
2.141.5 mm. Ogawa K et al¥ made a comparison
between computer navigation and a simple manual
measurement device (PCA limb lengthening gauge)
and found that the post-operative LLD was 3 mm
(0-8) in the computer-assisted group and 2.9 mm
(0-10) in the manual group, there was no statistical
difference between two groups. Lim YW et al® studied
a simple method using a PACS to minimize LLD
by measuring head to lessor trochanter length and
reproducing it in the operative field with a modular
neck system. They demonstrated that the mean post-
operative LLD of the 42 hips was 1.9+2.4 mm (0-7).

Kitada M. et al"” studied the accuracy of
CT-based navigation for femoral stem orientation
and LLD, they demonstrated that the differences
in postoperative measurements from intraoperative
records were -0.6+4 .8 (-11 to 10) for stem anteversion,
-0.2+1.8 (-4 to 3) for valgus angle of stem and
1.3+4.1 mm (-6 to 10) for leg length.

In imageless navigation system, Lamber A.
et al"® studied the accuracy of leg length measure-
ment in 24 patients and found that the mean difference
between the radiographic and navigational measure-
ment was 0.4+2.8 mm, the navigation system was
accurate to within 1 mm of the radiographic measure-
ment in 50% of cases, within 2 mm in 67% of cases
and within 5 mm in 96% of cases Renkawitz T. et al'”
studied the accuracy of leg length measurement in
the pinless femoral reference system in 50 patients,
they demonstrated that the mean difference between
navigation and radiographic measurements was 0.4
mm(£3.6).

Consistent with the present study, the authors
found that the mean paired difference between the
radiographic and navigational measurement was 2.27
mm (-6 to 8, SD 0.9) and the navigation system had an
accuracy of within 1 mm of the radiographic measure-
ment in 7.6% of cases, within 2 mm in 39.4% of cases
and within 5 mm in 93.9% of cases. The difference of
the results when compared with other previous studies
might be due to the difference in navigation workflow
of any systems and thedifference in surgical technique.
Despite these differences, all of the results were
encouraging for clinical use, showing by the mean LLD
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in the present study was only 2 mm (-6 to 7, SD 1.9).

In the present study, the authors modified the
technique to insert two pins into the medial side of
the distal femur instead of using the proximal femoral
clamp to measure limb length change as recommended
by the company. The authors found that in usingthis
technique the femoral tracker was more stable and not
disturbed during the process of femoral stem prepa-
ration. The drawback of this technique was that the
patient had two additional small stab wounds in the
medial side of the distal femur.

In conclusion, the present study showed that the
imageless navigation THA with modified registration
technique in semilateral decubitus position offered
a precise limb length measurement and the results
encouraged us for clinical use to minimize LLD during
the operation.

What is already known on this topic?

The imageless navigation is a reliable technique
and results in more precise cup placement compared
to conventional freehand techniques. However, few
studies have been reported about the accuracy of the
femoral stem placement using imageless navigation.

What is this study adds?

The imageless navigation offered a precise limb
length measurement and its resultsen couraged us for
clinical use to minimize LLD in THA.

Acknowledgement
The authors wish to thank Dr. Urawit Piyaprom-
dee, MD, for assisting in the statistical analysis.

Potential conflicts of interest
None.

References

1. Bose WJ. Accurate limb-length equalization dur-
ing total hip arthroplasty. Orthopedics 2000; 23:
433-6.

2. Ranawat CS,Rao RR,Rodriguez JA,Bhende HS.
Correction of limb-length inequality during total
hip arthroplasty. J Arthroplasty 2001; 16: 715-20.

3. Shiramizu K, Naito M, Shitama T, Nakamura
Y, Shitama H. L-shaped caliper for limb length
measurement during total hip arthroplasty. J Bone

J Med Assoc Thai Vol. 100 No. 1 2017



10.

11.

Joint Surg Br 2004; 86: 966-9.

Ogawa K, Kabata T, Maeda T, Kajino Y, Tsuchiya
H. Accurate leg length measurement in total hip
arthroplasty: a comparison of computer navigation
and a simple manual measurement device. Clin
Orthop Surg 2014; 6: 153-8.

Lim YW, Chang YJ,Kwon SY,Kim YS. A simple
method using a PACS to minimize leg length dis-
crepancy in primary THA: a method to minimize
leg length discrepancy. J Arthroplasty 2013; 28:
1791-5.

Parratte S, Argenson JN. Validation and usefulness
of a computer-assisted cup-positioning system in
total hip arthroplasty. A prospective, randomized,
controlled study. J Bone Joint Surg Am 2007; 89:
494-9.

Hohmann E, Bryant A, Tetsworth K. A comparison
between imageless navigated and manual freehand
technique acetabular cup placement in total hip
arthroplasty. J Arthroplasty 2011; 26: 1078-82.
Najarian BC, Kilgore JE, Markel DC. Evaluation
of component positioning in primary total hip
arthroplasty using an imageless navigation device
compared with traditional methods. J Arthroplasty
2009; 24: 15-21.

Gandhi R, Marchie A, Farrokhyar F, Mahomed
N. Computer navigation in total hip replacement:
a meta-analysis. Int Orthop 2009; 33: 593-7.
Moskal JT, Capps SG. Acetabular component
positioning in total hip arthroplasty: an evidence-
based analysis. J Arthroplasty 2011; 26: 1432-7.
Suksathien Y, Suksathien R, Chaiwirattana P.
Acetabular cup placement in navigated and non-
navigated total hip arthroplasty (THA): results of
two consecutive series using a cementless short
stem. J Med Assoc Thai 2014; 97: 629-34.

J Med Assoc Thai Vol. 100 No. 1 2017

12.

13.

14.

15.

16.

17.

18.

19.

Suksathien Y, Suksathien R, Chaiwirattana P.
Accuracy of acetabular cup placement in navi-
gated THA with modified registration technique
in semilateral decubitus position. J Med Assoc
Thai 2014; 97: 1089-95.

Manzotti A, Cerveri P, De Momi E, Pullen C,
Confalonieri N. Does computer-assisted surgery
benefit leg length restoration in total hip replace-
ment? Navigation versus conventional freehand.
Int Orthop 2011; 35: 19-24.

Dorr LD, Faugere MC, Mackel AM, Gruen TA,
Bognar B, Malluche HH. Structural and cellular
assessment of bone quality of proximal femur.
Bone 1993; 14: 231-42.

White TO, Dougall TW. Arthroplasty of the hip.
Leg length is not important. J Bone Joint Surg Br
2002; 84: 335-8.

Whitehouse MR, Stefanovich-Lawbuary NS,
Brunton LR, Blom AW. The impact of leg length
discrepancy on patient satisfaction and functional
outcome following total hip arthroplasty. J Arthro-
plasty 2013; 28: 1408-14.

Kitada M, Nakamura N, Iwana D, Kakimoto A,
Nishii T, Sugano N. Evaluation of the accuracy of
computed tomography-based navigation for femo-
ral stem orientation and leg length discrepancy. J
Arthroplasty 2011; 26: 674-9.

Lamber A, Jennings R, Bucknill A. The accuracy
of leg length and offset measurements made by an
imageless navigation system in total hip arthro-
plasty. Bone Joint J 2013; 95-B (Suppl 15): 111.
Renkawitz T, Sendtner E, Schuster T, Weber M,
Grifka J, Woerner M. Femoral pinless length and
offset measurements during computer-assisted,
minimally invasive total hip arthroplasty. J Ar-
throplasty 2014; 29: 1021-5.

55



anuuiugvaimsinanuennlumsaaaslaguveas Innioulaglsneuninasinsesigsaalumnivey

S AN

Q’ I~ = oy v
Y99 guLangs, 019Ny Loy

a o

divaa: annemvi imauvaisidau/asudea: inaeuiuifgmndian nanwaaianyneuiuneiiaavignsn

3

lanaaluGesuveuthazinnien undsiimsaneileslusesnnuusiugvesmsinnnue1In
o s A = e o ' o ~ o ~ v a S o 1 ’ 1o
Ingilszaad: tledneanuusiugvesmsiannuennlumsidnasudoas nnieulaglsneuiiunairisesrensia
o s < v ~ 4 4 . v r . C A
aquazIsms: Anlugihy 66 119 Taeilseunguanuenvimdaguutasneuuazndisdnszninmieuain
(eAwEIIUAZMNEILIINABNNNUAD TN
- L. 4 oy sy e L. 4
wHamsAny: AisegunNueINIasuuasvesnneunnenysgonay 17.4 uu. Auiseguanuenvinaguuilad
A ~ oo 1 ' o ’ ' A 4
YOIANBIUDINABNWNUABTUITANINALY 16.8 N3, AIANNUANATIURASINAY 2.27 U,
1 o Y ~ 14 a & o 1 1 4’ ~ I} o o 4’
agil: madadoaznaieulagldpesiunesinieslumnueunzunsiinnuusiueigalumsinnnue1dv tieantlgym

Yaannue1Iv1 LA uviaashsa

56 J Med Assoc Thai Vol. 100 No. 1 2017



