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Abstract

Prevention of aseptic loosening of total knee arthroplasties (TKAS) remains an important clinical
challenge. Understanding how changes in morphology at the implant-bone interface with in vivo
service affects implant stability and strength could lead to new approaches to mitigate loosening.
Enbloc TKA retrievals and freshly-cemented TKA tibial components were used to determine if the
mechanical strength of the interface depended on the amount of cement-bone interlock and the
morphology of the supporting bone under the cement layer. Implants were sectioned into small
specimens of the cement-interface-bone from under the tibial tray. Micro-CT scans were used to
document interlock morphology and architecture of the supporting trabecular bone. Axial
compression tests were used to assess mechanical behavior. Postmortem retrievals had lower
contact fraction (42+55%) compared to freshly-cemented constructs (121+61%) (p=0.0008).
Supporting bone architecture parameters were not different for the two groups. Increased interface
contact fraction and supporting bone volume fraction (BV/TV) were positive predictors of
interface strength (r2=0.72, p=0.0001). For the same supporting bone BV/TV, postmortem
specimens had weaker interfaces; they were also more compliant. Cemented TKA with in vivo
service experience a loss of fixation strength and increased micro-motion due to the loss of
cement-bone interlock.
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Introduction

Use of total knee arthroplasty (TKA) worldwide continues to grow at a remarkable rate. In a
recent survey of TKA utilization in 18 developed countries, over 1.3 million primary and
revision knees were placed in one year, with an annual growth rate of 5 to 17% (1). TKA is
a very successful procedure with substantial improvement in patient functional status and
quality of life; about 70 to 85% of patients are very satisfied with the results of their surgery
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(2). However, the lifetime risk of needing a revision knee replacement has been estimated to
be 14.9% for males and 17.4% for females (3). Aseptic loosening continues to be the leading
cause of revision (4; 5) with the tibial component as the most common component to loosen.

For cemented tibial components, progressive radiolucencies at the interface between implant
and bone correlates with component migration and eventual clinical loosening (6). There is
also a transient loss of bone mineral density (BMD) below the tray (7) and some evidence
that there is continued loss of BMD over the longer term (8). However, a linkage between
the supporting bone BMD and component migration has not been found for cemented tibial
components (9). This suggests that morphological changes at the fixation interface between
bone and cement after implantation may be responsible for component migration.

Using a series of functioning postmortem-retrieved tibial components, our research group
recently developed a method to assess the changes in interlock morphology between bone
and cement due to bony remodeling with in vivo service (10). During cementation, doughy
PMMA flows around trabeculae and leaves a mold in the shape of the interdigitated
trabeculae when the cement polymerizes. With in vivo service, the interlocked trabeculae
may resorb, leaving cavities in the cement layer, and these cavtities indicate locations where
the trabeculae originally existed. For a series of 14 postmortem retrievals of cemented tibial
components, there was a 75% loss of trabecular interlock in the cement mantle with 10 years
of service (11). These dramatic morphologic changes to the implant interface could
influence fixation strength of the interface and the loosening of tibial components.

The goal of the present study was to determine if the loss of trabecular interlock that occurs
with in vivo service results in functionally weaker interfaces. We quantified the interface
morphology, supporting trabecular architecture, and mechanical response of cement-bone
interface specimens obtained from enbloc retrieved tibial components and tibial components
that did not have any bony remodeling. We asked two research questions: (2) Does the
mechanical strength of the interface depend on the amount of interlock between cement and
bone, and the quantity of supporting bone under the cement layer? (3) Do postmortem
retrieval specimens have diminished mechanical properties compared to freshly-cemented
specimens even with the same quantity of supporting bone?

Specimen Preparation

Twenty-two fresh-frozen cadaver knees were obtained from the Anatomical Gift Programs
at SUNY Upstate Medical University (Syracuse, NY). Eleven knees had total knee
replacements (TKR) with radiographically well-fixed cemented tibial components; these
were used to create specimens for the postmortem retrieval group (Table 1). The retrievals
all had metal trays with stems and had time in service ranging from 1 to 20 years. Eleven
cadaver proximal tibiae (matched by age and sex to the postmortem retrieval group) without
implants were used to create specimens for the freshly-cemented group, where there was no
remodeling of the bone. The freshly-cemented group represented the morphological state at
the completion of surgery. The freshly-cemented specimens were created in the lab (21° C)
using an approach that simulated the intra-operative environment. Proximal tibiae were
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stripped of soft tissue and warmed to 37° C in a simulated blood analog solution (12). A
trans-axial cut of the proximal tibia was made followed by pulsatile lavage of the cut bone
surface. Cement (Simplex P, Stryker Orthopaedics, Mahwah, NJ, USA) was applied to the
bone surface in a doughy state using digital pressure and a pressing motion with a spatula to
press the cement into the trabecular bone bed prior to placement of the tibial tray.

Mechanical test specimens containing the cement, cement-bone interface, and supporting
trabecular bone bed were taken from medial and lateral regions of the tibial tray, 20-30mm
from the central axis of the implant. This corresponded to regions below the center of the
femoral condyles. The specimens were cut using a water irrigated high-speed silicon carbide
saw (Isomet 2000, Buehler Inc., Lake Bluff, IL, USA). Cuboid shaped cement-bone
specimens were created from the underside of the tibial tray with cross sections of
~8mmx8mm (Figure 1). For cases where the interface did not appear to have substantial
interlock between cement and bone, supporting acrylic side plates were attached to prevent
damage to the interface during preparation. Two medial and two lateral specimens were
taken from each tibia, resulting in a total of 44 postmortem retrieval and 44 freshly-
cemented specimens.

Supporting Trabecular Bone Architecture and Interface Morphology

All specimens were scanned with a micro-computed tomography (micro-CT) scanner at 16
um resolution (Scanco Inc. Media, PA, USA) to document cement and bone morphology.
Trabecular architecture was characterized for a 5 mm zone immediately distal to the cement
layer (Figure 1). A purification procedure (1 voxel erosion-dilation and region growing with
6-point connectivity) was used to identify the trabecular bone and remove spurious debris
from the cutting operation. Three-dimensional morphology measurements were made using
the Scanco trabecular bone architecture software and included the trabecular bone volume
fraction (BV/TV), connectivity density (Conn.D), structural model index (SMI), trabecular
thickness (Th.Th), trabecular spacing (Th.Sp), degree of anisotropy (DA), and bone tissue
density. A lower cut-off threshold of 467.1 mg/cc was used to segment the bone tissue.

The contact fraction at the interface between the cement and bone was calculated using a
stereology method (ImageJ, ImageJ.NIH.gov) where 100 grid-lines in were projected
perpendicular (relative to the transverse cut) to the interface of the micro-CT images. Points
of cement-bone contact were counted and divided by the total number of projection lines to
determine contact fraction. The interdigitation depth was determined from the CT scan sets
by measuring the axial distance from the distal extent of cement penetration into the
trabecular bone to the proximal extent of existing bone penetration into the cement. This
measure was made in four quadrants using the transaxial CT slices; the interdigitation depth
measurements from the four quadrants were averaged to give one interdigitation depth
measure for each specimen. To estimate the initial interdigitation depth of the postmortem
retrievals, the axial distance from the distal extent of cement penetration into the trabecular
bone to the proximal extent of the cement mold was measured.
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Biomechanical Testing

The test specimens were fixed to grips of a mechanical test frame (QTest, MTS Systems
Corp, Eden Prarie, MN, USA) using PMMA cement (see Figure 1) While the cement cured,
the specimens were hydrated with a buffered saline solution. Prior to testing, any supporting
acrylic side plates were severed with a hot scalpel blade. Uniaxial compression tests were
performed in laboratory air at room temperature under displacement control at 1 mm/min.
Loading was applied in compression until there was a 20% drop in applied force from the
peak. A 2 mega-pixel imaging system with telecentric lens was used to capture the failure
process during loading. Two-dimensional digital image correlation (DIC) (MatchID,
Cathloic University College Ghent, Belgium) was used to document the local deformation of
the cement, cement-bone interface, and bone regions (13). For all specimens, the resulting
load-displacement curves were converted to apparent stress (force divided by cross sectional
area) versus apparent strain (displacement divided by total specimen length) curves. The
DIC strain calculations for the cement and bone components were based on the initial ‘gage’
length of that particular component. Strain calculation for the interface was based on a gage
length of 1 mm because the interface has no defined thickness. The primary outcome
measures of the mechanical tests were the apparent strength (peak apparent stress), energy to
failure (area under stress-strain curve), and effective modulus (slope of the pre-yield stress-
strain curve). Finally, the fracture location was identified from the strain localization pattern
in the bone via DIC, and the distance from the cement-bone interface to the fracture location
was measured.

Statistical Analysis

Results

To assess differences in the cement-bone interface morphology and trabecular bone
architecture for the freshly-cemented and postmortem retrieval specimens, two sample t-
tests were used with Bonferroni correction for multiple comparisons (14). For research
question 1, a multiple linear regression model with compressive strength as the dependent
variable and cement-bone interface contact fraction and supporting trabecular bone volume
fraction (BV/TV) as independent variables was performed. All specimens were pooled as
one group. For research question 2, Analysis of Covariance (ANCOVA) was used to
determine if the mechanical behavior was different for postmortem and freshly-cemented
specimens, using supporting bone volume fraction (BV/TV) as the covariate.

General Morphologic and Biomechanical Behavior

The freshly-cemented specimens (without bone remodeling) exhibited good interlock
between cement and bone (Figure 2a-b). In contrast, the postmortem retrieval specimens
often exhibited substantial bony resorption (Figure 2c—d) as evidenced by the empty cavities
in the cement layer that displayed a regular trabecular pattern. Representative mechanical
responses to compressive loading shows that the freshly-cemented specimens (Figure 3a)
have small strains in the cement and at the cement-bone interface compared to the
supporting trabecular bone. The postmortem retrieval specimens with substantial remaining
interlock (Figure 3b) exhibited a mechanical response that was similar to the freshly-
cemented specimens. In contrast, postmortem retrieval specimens with substantial trabecular
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resorption (Figure 3c) had more interface micro-motion (60 um), while the behavior of the
supporting bone bed remained similar to the cases with good interlock at the cement-bone
interface. Finally, postmortem retrieval specimens with little or no interlock and fibrous
tissue between the cement and bone (Figure 3d) had substantial micro-motion (1.6 mm) at
the cement-bone interface. However, the supporting bone could be very robust, with very
high compressive strengths. Failure of the supporting bone occurred closer to the interface
for the postmortem retrieval (3.8+2.5 mm) compared to the freshly-cemented specimens
(5.8+3.3 mm) (unpaired t-test, p=0.0027).

Morphology of the Cement-bone Interface and Trabecular Bone Architecture

The contact fraction at the cement-bone interface (Table 2) was much smaller (p=0.0008)
for the postmortem retrievals (42+55%) when compared to the freshly-cemented specimens
(121+61%). The interdigitation depth of trabecular bone into the cement layer for the
postmortem specimens (1.8+1.3 mm) was also smaller (p=0.0008) than the freshly-
cemented specimens (2.9£1.8 mm). The estimated original interdigitation depth for the
postmortem specimens was 2.5+1.1 mm, which was similar to the lab-prepared specimens.
While there were large differences in the amount of interlock between cement and bone,
none of the architectural parameters for the supporting trabecular bone bed were different
between the two groups (Table 2). For example, the bone volume fraction (BV/TV) was
similar (p=0.736) for the postmortem specimens (0.118+0.069) and freshly-cemented
specimens (0.113+0.051).

Interlock Morphology and Supporting Bone Architecture Influence Mechanical Strength

Specimens with greater contact fraction and bone volume fraction had greater strengths as
tested using a two-parameter linear regression model (Table 3). A contour plot (Figure 4)
illustrates the distribution of postmortem retrieval and freshly-cemented specimens over the
BV/TV versus interface contact fraction space, and how these are related to interface
strength.

Effect of In Vivo Service on Mechanical Properties

The strength-BV/TV and modulus-BV/TV relationships were significantly (p<0.0001)
different (different slopes) for freshly-cemented and postmortem retrieval specimens (Figure
5A & 5B). For the same quantity of supporting bone under the tibial tray, the postmortem
specimens were weaker and more compliant than the freshly-cemented specimens. The
energy to break was positively correlated with supporting bone BV/TV (p<0.0001), but
there was not a difference in response for the freshly-cemented and postmortem retrievals
(Figure 5C). The ANCOVA model parameters are shown in Table 4.

Discussion

Loosening of the cemented tibial component of total knee arthroplasty has been observed
clinically, but the changes that occur at the cement-bone interface are generally limited to
examination of changes in radiolucencies at this interface. Recent postmortem retrieval work
of functioning TKA components has shown that there is resorption of trabeculae that
initially interlock with the cement (11), but how this resorption affects the mechanical
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integrity of the interface has not been explored. Using a series of postmortem retrievals and
age/sex-matched freshly-cemented tibial components, we found that the cement-bone
interface is weaker and more compliant for the postmortem retrievals. Further, we found that
specimens with less supporting bone and less interlock between cement and bone had
weaker interfaces.

This study has several limitations. The sample population of postmortem retrievals used in
this study was from our Anatomical Gift Program with different implant types and different
surgical techniques including the amount of cement used and degree of pressurization during
surgical insertion. However, all tibial components were metal-backed with stems and the
resulting interlock structure between the cement and bone was quantified and used as a
variable in this study. The freshly-cemented constructs created here may not fully represent
the population of osteoarthritic patients that would be candidates for TKA, including cases
where there is dense sclerotic bone. However, the postmortem retrievals and freshly-
cemented specimens had similar estimated interdigitation depths of cement into the bone
bed, suggesting that the initial state of fixation was similar for the two sample populations.

The morphology of the cement-bone interlock region for the postmortem retrievals varied
considerably by donor. For example, one postmortem retrieval had substantial remaining
interlock (e.g. Fig 3B, 61YO male, 5 years service) and was similar to the freshly-cemented
constructs. In contrast, another postmortem retrieval (e.g. Fig 3D, 74YO female, 9 years in
service) had complete loss of interlock with development of an intervening fibrous tissue
layer. As has been reported previously (11), the amount of interlock between cement and
bone has been shown to diminish with longer time in service, but additional factors such as
the amount of initial interlock, donor age, sex, and activity level all may contribute to the
rate at which the interlocked bone resorbs. A larger sample population could be used to
explore these factors.

While there were substantial differences in the amount of cement-bone interlock between
the postmortem retrieval and freshly-cemented groups, the architecture of the supporting
bone was not significantly different for two groups. There was a trend for decreasing bone
volume fraction (BV/TV) and increasing rod-like structures (larger SMI) with increasing
donor age and implant time in service. There were also outliers in the postmortem retrieval
group (high BV/TV, plate-like morphology with low SMI) for cases where there was a
dense layer of bone at the interface and no interlock between cement and bone. Chen and
coauthors (15) have reported decreases in BV/TV from middle age (females: 57-68 years,
BV/TV=0.22) to elderly (females: 87-98 years, BV/TV=0.18), indicating that BV/TV may
reduce at a rate of 0.013/decade. Further work with a much larger set of postmortem
retrievals would be useful to explore the role of time in service and donor age on trabecular
architecture beneath the tibial component. The Chen group (15) BV/TV measurements were
made for regions immediately distal to the subchondral bone, whereas the current trabecular
morphology measurements were made approximately 10-15mm below the subchondral
bone. This would explain the discrepancy of BV/TV magnitudes between the two studies, as
BV/TV decreases moving distally from subchondral bone in the tibia.
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The mechanical strength of the interface was correlated to the quantity of supporting bone
under the cement layer and the amount of interlock between cement and bone using a two-
parameter regression model. From a mechanics perspective this is reasonable as
compressive loads must pass from the cement layer, through the interface, to the supporting
trabecular bone bed (16). An interface with reduced interlock and lower quantity of
trabecular bone could contribute to both a weaker and more compliant specimen. The
location of failure in the trabecular bone was closer to the interface for the postmortem
retrievals suggesting that changes to the interlock morphology at the interface may
contribute to the local failure process. The relationship between interface strength and the
amount of interlock has been investigated extensively (17-21), but this is usually performed
using lab-prepared specimens with no bone remodeling, and has only been studied in a
limited fashion using postmortem retrievals (22).

The postmortem retrieval specimens have diminished compressive strength and increased
compliance compared to the freshly-cemented specimens, after accounting for the quantity
of supporting bone below the cement-bone interface. This finding indicates that even
without changes to the quantity of trabecular bone below the interface, there will be a loss of
fixation strength at the cement-bone interface with in vivo service. Gebert de Uhlenbrock
and coworkers (22) have shown, using a series of postmortem retrieved tibial components,
that the tensile force required to pull metal tibial trays off of the proximal tibia decreased
with time in service. They also found a shift in the failure mode from the implant-cement
interface to the cement-bone interface with time in vivo and suggested that the cement-bone
interface may become weaker with time in service.

The finding that there is loss of trabecular interlock with cement below tibial trays has only
been recently explored. The loss of interlock for cemented tibial components is related to
time in service (11) with a loss of interdigitation depth of 25% at 1-2 years, reaching a loss
of interdigitation depth of 75% at 10 years in service. Contact between bone and cement
with 10 or more years of service was only 6.2% of the interface length. Further, constructs
that started with more interlock (~3 mm) also maintained more interlock with in vivo
service.

Preventing trabecular resorption from the cement-bone interlock regions from occurring also
would seem to be an important clinical goal. An improved understanding of the biologic
mechanism responsible for the resorption the interlocked trabeculae could lead to new
biomaterial or pharmacologic approaches to maintain implant fixation for cemented
implants. Possible candidate mechanisms to explain this resorption phenomenon include
trabecular stress shielding of the interlocked bone, a local-low pH environment (23),
osteolysis due to fluid pumping along the interface (24), or particle induced osteolysis (25).

The results from this study have implications for clinical practice. The loss of interlock
between cement and bone with in vivo service results in weaker and more compliant
interfaces, but the loss of interlock would be difficult to detect with radiographs or even
clinical CT scans. The original working rationale for maintaining ~3mm of interdigitation
(26) was that there would be cement interlock with at least two transverse trabeculae, and
this would provide strength and a platform for load transfer from the cement to the bone.
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However, perhaps the ‘3 mm rule’ on interdigitation has an additional benefit. Creating
more initial interlock between cement and bone, via adequate bone bed preparation and
cement pressurization (~3mm), with the acknowledgement that there will be some loss of
interlock with in vivo service, could also maintain component interface strength over the
long term. The reduction of fixation strength that accompanies the in vivo loss of interlock
reported here could also represent the initial event that occurs prior to increased interface
micro-motion, formation of fibrous tissue, and progressive radiolucencies at the cement-
bone interface.
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Experimental set-up for mechanical testing of the cement-bone interface from the tibial tray
of knee replacements. The inset figure shows (arrow) example of procurement location of
test sample below the tibial tray. The interdigitation depth of cement penetration into
trabecular bone and the 5 mm region where trabecular bone morphology measurements were

made are shown.
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Figure 2.
MicroCT trans-axial section (A) and a full reconstruction (B) of a freshly-cemented

specimen (FC3) illustrating good interlock between the cement and bone. The location of
the trans-axial cut is indicated by a black line in panel B. A postmortem specimen (PM4)
had extensive bony resorption in the interdigitated region (C-D). In the trans-axial images
(A and C), the trabeculae are white, cement is gray, and voids or spaces are black. A 1mm
bar scale is shown.
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Stress-strain response ascribed to the cement, cement-bone interface, and trabecular bone for

loading in compression. Examples are shown for a freshly-cemented construct (A),

postmortem retrievals with substantial remaining interlock (B) and near-full loss of (C)

cement-bone interlock, and a case with a large cement-bone gap with fibrous tissue

formation (D). Reconstructed images at the specimen faces were created to illustrate the
general morphology for each specimen. Interface displacement measurements are presented

as strain assuming a gage length of 1mm.
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Figure 4.
Contour plot of cement-bone compression strength as a function of interface contact fraction

and bone volume fraction for freshly-cemented (filled circles) and postmortem retrieved
specimens (open circles). The data points designated A to D correspond to frames Ato D in
Figure 3. Specimens with more cement-bone contact fraction and greater supporting bone
volume fraction had higher compressive strength.
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Figure 5.
Compressive strength (A), effective modulus (B), and energy to failure (C) for cement-bone

specimens are shown as a function of supporting trabecular bone volume fraction (BV/TV)
and source (postmortem retrieval and freshly-cemented). Linear regression lines are shown
for the postmortem retrieval (dashed) and freshly-cemented (solid) cases.

J Orthop Res. Author manuscript; available in PMC 2014 August 01.



Page 15

Sd S 1 uIgising [fesu] :awwiz 1sauy Areuowindoiped zee 06 4 0z TTIAd

40 NS uodeing HakxIS isauy Aseuowndotpted V1€ 59 E| 9T O0TINd

Sd MS | PaoURAPY :[eJIP3IA JBLIA 193Ued €109y §ee 69 E| T 6INd

Sd S MY :Anda@ aseasiq S 0ld ¥'8T 8. N 0T 8INd

Sd N usBxaN :ewwiz | 1sauy JeIpie - ainjied [eusy 6’1 L 4 6 LINd

Sd NS 0101095 :1%Ang Bwiouned L'€e €8 E| 9 9INd

o S uojyrenl | :1exAng 1sauy Areuowindoiped €9¢ 9] W S SINd

Sd S uabxaN :Jawwiz | sisdas - uonoayu| Areuowind Tve 8 4 € YINd

Sd MS ewhis D4d :Anda@ ainjre4 WeaH annsebuo) §9¢ Z8 E| S¢C €Nd

40 NS plenbueA :1ewolg isauy Aseuowndoipred Lee €L E| 4 ¢INd

o S pJenbue :18wolg 1sau1y Areuowindoiped L2 €L 4 1 TINd

VIN QUON Aely [BI3W YOO 1581y Areuowndoipie) ¥'I1E S/ 4 0 1104

VIN 3UON Keay eraw »ooN 1sauy Areuowindoiped 6'€C vl W 0 0104

VIN SUON Reay [exaw 500N J3oueD Bun opeiselsN 0°0€ 9. E| 0 604

V/N 3UON Aedy [e1aw %20 ain|ieq Alojedidsalolped 6'9T 16 4 0 804

VIN 3UON Aely [BI3W YOO 1581y Areuowndoipie) 9'vE G8 4 0 104

V/N 3UON Aedy [e1aW %20\ Joued Bun L'SE €8 4 0 904

VIN 3UON Aely [BI3W YOO Ainluj Jejnasep [e1ga1a)d 922 €9 4 0 S04

V/IN UON Aedy [e1aW %20\ 1S9y JeIpIe) €9¢ 06 E| 0 04

VIN SUON Reay [exaw 500N 1S3l Jelpied 09¢ 18 E| 0 €04

Sd NS 01d109s :%Ans I\ 810y ¥'9€ 19 E| 0 ¢od

do S uojyreL L BMANS 1581y Alojendsaiolpred £ve ool W 0 104

(Sd) paziligers (>1s) (INd) renali3a4
101143150 10 (4D) 1993 YUM Wals (sa1eak) Wa1I0W3sod 10
Buiurelay areronid 10 (S) wals adA] :4aanyoejnue yreaq Jo asnen | (zw/Bx) 1ING | (saesk) eby | xos doInJes ulawil | (D) parusawad -Ajlysaa4

J Orthop Res. Author manuscript; available in PMC 2014 August 01.

Goodheart et al.

"TTO4-€04 10} paq auoq syy ojul
1UBWad 3y} ssaid 01 pasn sem Aeil [elawl Yoow v ‘siuejdwi [esare]iq pey (ZINd pue TINd) Jouop auQ "Buisal [ealueydsw pue Juswissasse [ealbojoydiow 1oy
pasn suawi2ads 1S3] aU0Q-1UAWAI 3]LIBUAN 0] Pasn aIaM S[eAall1a) wiapiowsod UsAsa pue (ge| syl Ul pareald) susuodwod [eign paluawad-Ajysaly Usns|3

TajqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Goodheart et al.

Morphology parameters describing cement-bone interlock include the contact fraction and interdigitation
depth. Morphology parameters for the trabecular bone adjacent to the cement-bone interface include bone
volume fraction (BV/TV), connectivity density (Conn.D), structural model index (SMI), trabecular thickness

Table 2

(Th.Th), trabecular spacing (Th.Sp), degree of anisotropy (DA), and tissue density.

Morphology Parameter

Freshly Cemented
Mean (sd) [range] (n=44)

Postmortem
Mean (sd) [range] (n=44)

Corrected P-value

Contact fraction (%) 121 (61) [11.1 - 267] 42 (55) [0 - 229] 0.0008
Interdigitation Depth (mm) 2.9(0.8) [1.0-4.1] 1.8 (1.3) [0.0-4.6] 0.0008
BVITV 0.113 (0.051) [0.048 — 0.243] | 0.118 (0.069) [0.017 — 0.323] | 0.736
Conn.D (1/mm) 4.13 (1.24) [2.02 - 7.12] 4.00 (1.91) [0.66 — 8.47] 0.736
SMI 1.67 (0.49) [0.29 — 2.33] 1.82 (0.52) [0.36 — 2.88] 0.531
Tb.Th (mm) 0.131 (0.022) [0.096 — 0.189] | 0.145 (0.045) [0.091 - 0.293] | 0.348
Tb.Sp (mm) 0.80 (0.14) [0.49 — 1.15] 0.89 (0.28) [0.56 — 1.89] 0.348
DA 1.91 (0.38) [1.15 - 2.75] 1.78 (0.40) [1.17 — 2.60] 0.348
Tissue Density (mm/cc HA) | 1017 (26.4) [935 — 1079] 1000 (34.6) [922 — 1086] 0.079
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