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Abstract

Research has associated lumbar spinal disease with lower
extremity arthrosis. These studies focused solely on the
lumbar spine’s connection with hip or knee pathology,
failing to investigate potential ankle relationships. We
specifically explored the interplay between lumbar disc
degeneration and tibiotalar joint arthritis.

Lumbar disc degeneration and tibiotalar joint arthri-
tis was graded 0 to 4, according to osteophytesis of the
vertebral rim and talar surface in 710 randomly'selected
cadaveric specimens. We corrected for confounding fac-
tors of age, sex, race, and height.

A significant association was found between lumbar
disc degeneration and tibiotalar joint arthritis (P < .01).

steoarthritis is the most common joint disorder, re-
O sulting inysignificant morbidity and disability. The

worldwide prevalence of osteoarthritis was estimated
at more than 151 million people, according to data published
in 2004." In the United States, almost 27 million adults age 25
years and older suffer from clinically apparent disease.” The
spine is one of the most commonly affected joints of arthritis,
and idiopathic low back pain is the most frequent complaint in
the adult population.® In adults with low back pain, evidence
of lumbar intervertebral disc degeneration is often found on
radiography.* In 1 study, evidence of disc degeneration was
found in 90% of adults age 50 to 59 years.’

Degenerative spinal disease most commonly affects the
lumbar spine due to its high degree of mobility and weight-
loading.®’ Clinical®® and experimental studies'® have suggested
that the degenerative changes in the lumbar spine begin in the
intervertebral discs. Degenerative disc disease (DDD) results
from a continuum of dehydration, degradation, and remod-
eling of the intervertebral discs and neighboring vertebrae to
accommodate the changes in physical loading."""* This results
in disc-space narrowing, disc bulging and herniation, vertebral
rim osteophyte formation, and endplate sclerosis.”'* Symp-

Lumbar disc degeneration encompassing 3 intervetebral
discs demonstrated the highest odds for development of
severe tibiotalar joint arthritis. Severe lumbar degenerative
disc disease was more prevalent than severe tibiotalar
joint arthritis in individuals age 20 years and older. Fur-
thermore, the presence of severe lumbar degeneration
significantly predisposes individuals to the development
of severesankle arthritis (P < .05).

Gait changes resulting from disc degeneration or neu-
ral compression in the lumbar spine may play a role in
ankle osteoarthritis development. This association must
be considered when treating patients with lumbar disc
degeneration and leg pain.

tomatic neural compression may occur;“often manifested by
localized lower back and extremity pain, as well as sensory
loss and weakness of the lower extremities.”"” Changes in
posture and gait may result because of altered sensation, and
the consequent abnormal force transmission may predispose
joints to accelerated wear and arthrosis.'**®

Numerous studies have delineated the association between
lumbar spinal disorders and lower extremity arthrosis. Of
note, research has demonstrated that hip and/or knee pathol-
ogy and gait alteration may promote low back pain and lum-
bar disc degeneration.”?' Although spinal abnormalities, such
as scoliosis, may predispose an individual to accelerated hip
degeneration,” no studies have investigated the relationship
between lumbar DDD and ankle osteoarthritis.

Ankle arthritis differs from hip and knee arthritis demo-
graphically, occurring approximately 9 times less frequently.”
The ankle joint is subjected to more weight-bearing force per
square centimeter and is more commonly injured than any oth-
erjointin the body.” Trauma and/or abnormal ankle mechanics
are the most common causes of degenerative ankle arthritis.””
Other potential causes include inflammatory arthropathies,
neuropathic arthropathy, infection, and tumor. The purpose
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of this study was to determine if a relationship exists between
ankle arthrosis and lumbar disc degeneration, and to delineate
if one may promote the onset or progression of the other.

Materials and Methods
We randomly chose 710 cadaveric specimens from the Ha-
mann-Todd Osteological Collection in Cleveland, Ohio. The
Hamann-Todd Collection contains skeletal remains from more
than 3000 individuals who died in Cleveland, Ohio between
1893 and 1938. The cohort for this study included 583 male
and 127 female cadavers, ranging in age from 17 to 105 years at
the time of death. Table 1 shows the breakdown of these speci-
mens according to age group; of the 710 specimens, 306 were
of African American ancestry, and 404 were Caucasian.

Lumbar DDD was graded at each lumbar spinal level by a
single examiner using the Eubanks modification of the Kettler
and Wilke classification of vertebral endplate osteophytosis*:

Grade 0: normal vertebral endplates;

Grade 1: mild arthrosis, with evidence of osteophytic reac-
tion involving up to 50% of the vertebral endplates;

Grade 2: moderate arthrosis, with evidence of osteophytic
reaction involving 50% to 100% of the vertebral endplates;

Grade 3: severe arthrosis, with evidence of osteophytic reac-
tion involving 100% of the vertebral endplates. Osteophytes are
hypertrophic and bridging the joint space (Figure 1);

Grade 4: complete ankylosis.

Tibiotalar joint osteoarthritis was evaluated by a single ex-
aminer using a modification of the Kellgren-Lawrence clas-
sificationfor kneesosteoarthritis:

Grade 0:'no discernable wear/osteophytes;

Grade 1: 1-mm osteophyte(s) and/or <25% surface wear;

Grade 2: 1- toy2-mm osteophyte(s) and/or 25% ta 50%
joint surface;

Grade 3: 2- to 3-mm osteophyte(s) and/or >50% joint sur-
face (Figure 2);

Grade 4: multiple large osteophytes and/or definite bony
end deformity.

Statistical analysis was performed on the compiled data
using Stata software (StataCorp, College Station, Texas). Linear

Table 1. Specimen Breakdown by Age

Age, y No. of Male Specimens  No. of Female Specimens
<20 4 4

20 29 .................... 49 ............................... 27 ...............
30 39 .................... 95 ............................... 25 ..............
40 49 .................... 135 .............................. 26 ...............
50 59 .................... 129 .............................. 12 ..............
6069 .................... 102 .............................. 12 ...............
7O+ ...................... 69 ............................... 21 ................
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and logistic regression analyses correcting for confounding
factors of age, sex, race, and height were performed using a
standard P-value cutoff (P < .05) and 95% confidence interval
to determine statistical significance.

Figure 1. An example of grade 3'lumbar spine arthrosis.
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Results

Patients were considered to have osteoarthritis of the tibiotalar
joint if either of the extremities measured grade 1 or higher.
Of the 710 specimens selected, 14 specimens did not have
adequate bone available for bilateral tibiotalar joint measure-
ment, either from extensive bone degradation or amputation.
Of the remaining 696 specimens, 586 had some degree of
tibiotalar osteoarthritis present (Table 2). Regression analysis
showed a significant positive association between right- and
left-ankle osteoarthritis (coefficient: 0.491, P < .01). Tibio-
talar joint arthritis was classified as severe if either extrem-
ity had arthrosis of grade 3 or higher. Of the 586 specimens
that had tibiotalar joint arthritis, only 16% (97 specimens)
had severe tibiotalar joint arthritis.

Data regarding lumbar disc degeneration were available
for 516 of the 710 specimens selected, 443 of which showed
some disc degeneration. Disc degeneration was most prevalent
and significant at the L4-L5 and L3-L4 intervertebral levels

Table 2. Classification of Tibiotalar Arthritis by Grade

(Figures 3, 4). Of these 516 specimens, 30 had degeneration at
1 level, 47 specimens had degeneration at 2 levels, 29 speci-
mens had degeneration at 3 levels, 52 had degeneration at
4 levels, and 285 specimens had degeneration at all 5 lumbar
levels. The majority of specimens were found to have some
degree of degeneration at all 5 lumbar spinal levels (Figure 5).
Severe lumbar DDD was defined as grade 3 or higher osteoar-
thritis present in at least 1 of the 5 lumbar levels. Of the 516
specimens that showed some degree of disc degeneration, 152
were classified as severe. When stratified by number of spinal
levels, only 30% of specimens were found to have evidence
of severe arthrosis, the majority of which was located at only
1 lumbar segment (Figure 6).

Linear regression analysis of the data showed a statistically
significant positive association between lumbar disc degenera-
tion and tibiotalar osteoarthritis (coefficient: 0.844, P < .01),
even when correcting for confounding factors, such as age,
sex, and race (coefficient: 0.331, P < .01).

Additional analysis of the data demonstrated that
tibiotalar joint arthritis remained significantly associ-
ated with lumbar DDD across each lumbar level: L1-L2

(coefficient: 0.269, P < .01), L2-L3 (coefficient: 0.283,

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
rade rade rade rade race P < .01), L3-L4 (coefficient: 0.299, P < .01), L4-L5
Left Ankle 186 267 178 59 6 (coefficient: 0.240, P < .02), L5-S1 (coefficient: 0.167,
........................................................................................... P < .05).
Right Ankle 197 261 183 50 5
o The presence of 3 or more levels of lumbar DDD
L1-12 71.13% L1-L2
— L2-13 78.03% s L2-L3 ‘
g 3
[ e}
] [}
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Figure 3. Percentage of specimens with arthrosis at each inter-
vertebral level.

Figure 4. Mean grade of lumbar disc degeneration by interverte-
bral level.
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Figure 5. Percentage of specimens with lumbar disc degeneration,
based on number of lumbar levels involved.
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Figure 6. Percentage of specimens with severe lumbar disc
degeneration, based on number of lumbar levels involved.
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significantly increased the possibility of developing severe tib-
iotalar joint arthritis. Lumbar DDD that encompassed 3 levels
showed the highest odds for development of severe tibiotalar
joint arthritis with an odds ratio (OR) of 20.542 (Table 3).

When subjects were compared by decade, the mean grade
of tibiotalar joint arthritis was significantly higher than lumbar
DDD in specimens who died in their 20s and 30s. This differ-
ence was insignificant in the fourth decade, and thereafter the
mean value of lumbar DDD surpassed that of tibiotalar joint
arthritis (Figure 7).

In contrast, severe lumbar DDD was more prevalent than
severe tibiotalar joint arthritis in individuals age 20 years or
older (Figure 8). There were no specimens under age 20 years
with severe lumbar DDD or severe tibiotalar joint arthritis.

Logistic regression showed that individuals with severe
lumbar disc degeneration had significantly higher odds of de-
veloping severe ankle arthritis (OR: 1.93, P <.05). Similarly, in-
dividuals with severe tibiotalar joint arthritis were just as likely
to develop severe lumbar DDD with an OR of 1.97 (P < .05).

Discussion

Multiple joint involvement in osteoarthritis is well established
with a wide range of evidence linking lower extremity joint
pathology and lumbar spinal disease. In 1983, Offiexski and
MacNab®® were the first to describe hip-spine syndrome. In the
next year, a study by Sponseller and colleagues® of pediatzic
patients after hip arthrodesis further substantiated the associa-

Table 3. Association Between Number of
Degenerated Lumbar Spinal Levels and'Severe
Tibiotalar Joint Arthritis

No. of Lumbar Levels Odds Ratio P

2 6.46 104

.3. ......................................... 20542007 .........
.4. ......................................... 11628 ................ | 026 .........
.5. ......................................... 12628 ............... 018 .........
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tion between spine and extremity disease, and demonstrated a
continued cause and effect relationship after surgery.

Lumbar spinal degeneration has also been correlated with
knee osteoarthritis. Tsuji and colleagues’ reported that degen-
erative changes in spinal alignment result in increased thigh
muscle tension and knee flexion. Furthermore, in their radio-
graphic analysis of 682 individuals, Horvath and colleagues”
also showed that individuals with spinal degeneration had a
higher prevalence of knee and hip osteoarthritis.

One might hypothesize from this evidence that lumbar
spinal degeneration and ankle arthritis would also be inter-
related, given their interconnected role in lower extremity
force transmission. Surprisingly, the literature correlating
lumbar degeneration and lower extremity osteoarthritis has
overlooked this association and has focused solely on the hip
and knee. To our knowledge, this study is the first to identify
a statistically significant association between tibiotalar joint
osteoarthritis and lumbar disc degeneration.

The literature supported analysis of our data. Miller and
colleagues’ evaluated disc degeneration in 600 autopsy speci-
mens using the Nachemson® grading system. This system
categorizes disc degeneration into 4 grades based on macro-
scopic appearance. Miller and colleagues® reported evidence
of dégenerative changes as early as the second decade of life,
primarily involving the L3—L4 and L4-L5 levels. Of note, the
Nachemson’? classification system includes only evidence of
marginal'osteophytes in grade 4 disease, which was not identi-
fied by Miller and colleagues™ until the fourth decade. These
results were similar to those in our study, in which the L3-14
and14-L5 intervertebral levelswere mostecommonly affected.
However, in our study, significant degenerative changes were
found in the third decade of life.

In additiony, the percentage of specimens with severe disc
degeneration increased with each decade (Figure 8). A substan-
tial amount of histologic evidence demonstrates the progres-
sion of disc degeneration with age. With increased age, there
is a gradual decrease in the osmotic swelling of intervertebral
discs* and a 2-fold decrease in disc hydration between adoles-
cence and the eighth decade.* Furthermore, the nucleus pulpo-
sus undergoes progressive fibrosis,*>** with a 5-fold decrease

% 25 M Lumbar Disc Degeneration P<001
3 o P
£ M Tibiotalar Arthritis <001
= P<001
5 1.5
P p<001 F<03
o
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c 0.5
]
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Figure 7. Mean grade of lumbar spine and tibiotalar joint arthrosis
by decade.
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Figure 8. Percentage of specimens per decade with severe
arthrosis (>grade 3).
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in the fixed-charge density of nucleus glycosaminoglycans,**
and a 2-fold increase in intervertebral disc creep while under
compression after age 30 years.*®

While analyzing our findings, we had difficulty in deter-
mining which pathologic condition debuts and, subsequently,
affects the other. According to our results, the mean grade of
tibiotalar joint arthritis was higher than that of DDD in speci-
mens through the third and fourth decades of life (Figure 7).
After the age of 50 years, the mean grade of DDD surpasses
that of tibiotalar arthritis. This may be initially interpreted that
development of tibiotalar joint arthritis precedes lumbar disc
degeneration. Ankle osteoarthritis is relatively rare, and given
that the vast majority of ankle osteoarthritis is secondary to
trauma,” we would expect to see a higher incidence of ankle
osteoarthritis in a younger, more active cohort. In addition,
given our finding that ankle arthritis is related to lumbar disc
degeneration, one could speculate that tibiotalar arthritis at
a young age predisposes an individual to developing lumbar
degeneration later in life.

However, this conclusion is inherently flawed; closer ex-
amination of the data revealed that the mean grade of tibiotalar
arthritis and DDD in the third and fourth decades is relatively
low, between grade 0 and grade 1 (Figure 7). Therefore, it is
difficult to arrive at a conclusion when comparing such small
values. Second, we must remember that we are gompazing an
average value of disc degeneration across all lumbar levels.
When a specimen has only 1 disc that is severely degenerated,
this value is averaged across all 5 lumbar levels and, thus, the
overall mean grade of arthrosis is significantly diminished.

Inefacty,data from*previous studies concur withsthessecond
argument. Upper-level lumbar disc degeneration isrelativelyrare
and the vast majority of patients with dis¢.degeneration present
with significant disease it only 1 or 2 discs:***” Analysis©f the
specimens in this study revealed bony evidence of disc degenera-
tion present at all 5 lumbar levels in over half of the specimens
examined (57%). However, the majority of specimens in this co-
hort exhibit only low-grade degeneration. When specimens were
analyzed for severe arthrosis (grade 3 and higher), nearly half of
the specimens were found to have severe disease involving only
1 intervertebral disc (Figure 6). Data from Miller and colleagues®
and the present study show that the upper lumbar levels were
relatively spared; the L3-L4 and L4-L5 lumbar levels showed the
highest prevalence and severity of degenerative change.

To address this issue, we evaluated the percentage of speci-
mens per decade with severe arthrosis (grade 3 and higher) of
at least 1 lumbar intervertebral disc and 1 tibiotalar joint. Se-
vere lumbar disc degeneration was found to be more prevalent
than severe ankle arthritis in individuals age 20 years or older
(Figure 8). Therefore, we postulate that significant degenera-
tive changes in the lumbar spine precede the development of
severe ankle arthritis.

One can further speculate that sequelae from lumbar disc
degeneration may lead to the development of tibiotalar arthri-
tis, given our finding that severe lumbar degeneration pre-
disposes an individual to the development of ankle arthritis.
Because significant lumbar disc degeneration has long been
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known to result in both spinal nerve and cord compression, we
hypothesize that this resultant neurocompression promotes al-
tered gaitand translation of atypical forces to the ankle and foort,
thus predisposing to the onset and/or progression of osteoar-
thritis. In support of this hypothesis, Morag and colleagues'
demonstrated that neurologic compression produced an altered
posture and gait because of lost motor function and afferent
proprioceptive sensation. This form of neurologic compromise
may exert atypical forces upon the foot and ankle, predisposing
the joint to accelerated wear and primary arthrosis.

In addition, DDD involving 3 or more lumbar interverte-
bral levels was found to significantly increase the likelihood
of the subject having severe tibiotalar joint arthritis. Provided
that lumbar disc degeneration typically involves significant
degeneration at 1 level, we assume that significant arthrosis
at 3 or more levels correlates to an overall more severe DDD
with a higher corresponding likelihood of neural compres-
sion. However, compression of peripheral lower extremity
nerves has been shown to result in neuropathic arthropathy
akin to the diabetic Charcot foot.*® This could be a possible
mechanism of accelerated ankle arthritis, but this study did
not examine soft-tissue disease nor take into account other
medical comorbidities of each specimen, including genetic
predispositions towards osteoarthritis.

It should be noted that the aforementioned causative relation-
ship between lumbar disc degeneration and tibiotalar arthritis
is speculative and cannot be demonstrated definitively by this
investigation. We acknowledge limitations of this study and the
need for further research of the possible causative mechanism(s)
ofaccelerated anklejarthrosistsecondarystorlumbar spinal dis-
ease. Ideally, the questions posed by our report would be an-
swered via a large prospective cohort study“that utilized both
serial imagingand autopsy analysis. Unfortunately, this form of
study is logistically and financially difficult to perform.

This was a retrospective cadaveric study in which determi-
nation of arthrosis severity was based solely on bony evidence.
Therefore, the role of soft-tissue disease in the pathogenesis of
arthrosis of the lumbar spine and tibiotalar joint could not be
assessed, nor could definitive associations to clinically symp-
tomatic disease. We made the assumption that progression of
bone degeneration in both the lumbar spine and tibiotalar joint
corresponded equally to the associated soft-tissue changes.
Given this assumption, we cannot definitively conclude that
degeneration of the lumbar spine precedes that of the ankle,
because the absence of magnetic resonance imaging or fresh
autopsy specimens in our study misses the early degenerative
changes in the discs that precede the bony alteration measured
in our study. Furthermore, readers should note that since this
study compared only bone morphology, no emphasis was
placed on clinical manifestation of lumbar disc degeneration
or tibiotalar joint arthritis. As mentioned earlier, radiologic
evidence of disc degeneration was found in 90% of adults
age 50 to 59 years, according to a study by Hult’; however,
it is important to note that not all individuals studied were
symptomatic clinically. Unfortunately, medical records were
not available for the bony specimens, and clinical correlations
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could not be assessed during this investigation.

Furthermore, no special attention was given to other patholog-
ic conditions observed during specimen measurement. The pres-
ence of diseases, such as osteoporosis, spondylolysis, or previous
traumatic injury, may have had implications in the resultant joint
degeneration. Finally, the evaluation of arthrosis was performed
subjectively without measuring reliability. However, the present
analysis includes a large sample, each joint type was reviewed by a
single examiner, and used a classification system that was modeled
on a validated grading system. Ideally, multiple individuals should
have been used for each type of measurement, with subsequent
analysis of intraobserver and interobserver reliability.

Conclusion

Based on our study of a large population of adult skeletal speci-
mens, we ascertained that lumbar intervertebral disc degenera-
tion and tibiotalar osteoarthritis are associated. The prevalence
of severe lumbar disc degeneration was higher than that of
tibiotalar joint arthritis in individuals age 20 years or older.
This may suggest that gait changes from disc degeneration or
neural compression in the lumbar spine may play a role in
the development of ankle osteoarthritis. Additionally, subjects
with severe disc degeneration were twice as likely to develop
significant tibiotalar osteoarthritis. This must be/considered
in the differential when treating patients with degenerative
changes of the lumbar spine and leg pain.

Dr. Boiwka is a Surgical Resident, Department of Orthopaedics
and Sports Medicine, University at Buffalo, Buffalo, New York. Dr.
Bajwa.is.Surgical Resident, Department.of Orthopaedics,.University.
of South Alabama/Mobile, Alabama. Dr. Toy is Surgical Resident,
Department of Orthopaedics and Rehabilitation, Yale University
School of Medicine, New Haven, Connecticut: Dr. Eubanks is As-
sistant Professor, and Dr. Ahn is Associate Prafessor, Case Western
Reserve University Sechool of Medicine, Cleveland, Ohio.

Acknowledgement: We would like to thank Lyman M. Jellema of
the Cleveland Natural History Museum for his time and assistance
during specimen examinations of the Hamann-Todd Osteological
Collection.

Address correspondence to: Alex V. Boiwka, MD, MS, 462 Grider
Street, Buffalo, NY 14215 (tel, 716-898-5053; fax, 716-898-3398;
e-mail, avb6@case.edu).

Am J Orthop. 2015;44(4):E100-E105. Copyright Frontline Medical
Communications Inc. 2015. All rights reserved.

References

1. Mathers C, Fat DM, Boerma JT, for the World Health Organization. The
Global Burden of Disease: 2004 Update. Geneva, Switzerland: World Health
Organization, 2008.

2. Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the prevalence of
arthritis and other rheumatic conditions in the United States. Part Il. Arthritis
Rheum. 2008;58(1):26-35.

3. Kelsey JL, Githens PB, White AA, et al. An epidemiological study of lifting
and twisting on the job and risk for acute prolapsed lumbar intervertebral
disc. J Orthop Res. 1984;2(1):61-66.

4. Kellgren JH, Lawrence JS. Osteoarthrosis and disc degeneration in an
urban population. Ann Rheum Dis. 1958;17(4):388-397.

5. Hult L. Cervical, dorsal and lumbar spinal syndromes; a field investigation
of a non-selected material of 1200 workers in different occupations with
special reference to disc degeneration and so-called muscular rheumatism.
Acta Orthop Scand Suppl. 1954;17:65-73.

6. Hirsch C. The reaction of intervertebral discs to compression forces. J Bone

20.
21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

A. V. Boiwka et al

Joint Surg Am. 1955;37(6):1188-1196.

Videman T, Nurminen M, Troup JD. Lumbar spinal pathology in cadaveric
material in relation to history of back pain, occupation and physical loading.
Spine. 1990;15(8):728-740.

Butler D, Trafimow JH, Andersson GB, McNeil TW, Huckman MS. Discs
degenerate before facets. Spine. 1990;15(2):111-113.

Fujiwara A, Tamai K, Yamato M, et al. The relationship between facet joint
osteoarthritis and disc degeneration of the lumbar spine: an MRI study. Eur
Spine J. 1999;8(5):396-401.

. Lipson SJ, Muir H. Experimental intervertebral disc degeneration: morpho-

logic and proteoglycan changes over time. Arthritis Rheum. 1981;24(1):12-21.
Eisenstein S, Roberts S. The physiology of the disc and its clinical relevance.
J Bone Joint Surg Br. 2003;85(5):633-636.

. Hughes SP, Freemont AJ, Hukins DW, McGregor AH, Roberts S. The patho-

genesis of degeneration of the intervertebral disc and emerging therapies in
the management of back pain. J Bone Joint Surg Br. 2012;94(10):1298-1304.

. Inoue N, Espinoza Orfas AA. Biomechanics of intervertebral disk degenera-

tion. Orthop Clin North Am. 2011;42(4):487-499.

. Battié MC, Videman T. Lumbar disc degeneration: epidemiology and genet-

ics. J Bone Joint Surg Am. 2006;88(suppl 2):3-9.

. Morag E, Hurwitz DE, Andriacchi TP, Hickey M, Andersson GB. Abnor-

malities in muscle function during gait in relation to the level of lumbar disc
herniation. Spine. 2000;25(7):829-833.

. Oikawa Y, Ohtori S, Koshi T, et al. Lumbar disc degeneration induces per-

sistent groin pain. Spine. 2012;37(2):114-118.
Porter RW. Spinal stenosis and neurogenic claudication. Spine.
1996;21(17):2046-2052.

. Papadakis NC, Christakis DG, Tzagarakis GN, et al. Gait variability measure-

ments in lumbar spinal stenosis patients: part A. Comparison with healthy
subjects. Physiol Meas. 2009;30(11):1171-1186.

. McGregor AH, Hukins DW. Lower limb involvement in spinal function and

lowbackpain. J Back Musculoskelet Rehabil. 2009;22(4):219-222.
Offierski CM, MacNab |. Hip-spine syndrome. Spine. 1983;8(3):316-321.
Thomas RH, Daniels TR. Ankle arthritis. J Bone Joint Surg Am.
2003;85(5):923-936.

Valderrabano V, Horisberger M, Russell |, Dougall H, Hintermann B. Etiology
of ankle osteoarthritis. Clin Orthop. 2009;467(7):1800-1806.

Eubanks JD, Lee MJ, Cassinelli E, Ahn NU. Does lumbar facet arthrosis pre-
cede disc degeneration? A postmortem study. Clin Orthop. 2007;464:184-189.
Friberg S, Hirsch C. Anatomical and clinical changes in lumbar disc degen-
eration. Acta.Orthop:Scand. 194919(2):222+242;

SponsellerPD, McBeath AA, Perpich M. Hip arthrodesis in young patients.
A long-term follow-up study. J Bone Joint Surg Am. 1984;66(6):853-859.
Tsuji T, Matsuyama Y, Goto M, et al. Knee:spine syndrome: correlation
between sacral inclinationiand patellofemoral joint pain. J Orthop Sci.
2002;7(5):519-528.

Horvath G, Koroknai G, Acs B, Than P, lliés T. Prevalence of low back pain
and lumbar spine degenerative disorders. Questionnaire survey and clinical-
radiological analysis of a representative Hungarian population. Int Orthop.
2010;34(8):1245-1249.

Miller JA, Schmatz C, Schultz AB. Lumbar disc degeneration: correla-
tion with age, sex, and spine level in 600 autopsy specimens. Spine.
1988;13(2):173-178.

Nachemson A. Lumbar intradiscal pressure: experimental studies on post-
mortem material. Acta Orthop Scand Supp!. 1960;43:1-104.

Kraemer J. Pressure-dependent fluid shifts in the intervertebral disc. Orthop
Clin North Am. 1977;8(1):211-216.

Urban JP, McMullin JF. Swelling pressure of the intervertebral disc: influence
of proteoglycan and collagen contents. Biorheology. 1985;22(2):145-157.
Coventry MB, Ghromley RK, Kernohan JW. The intervertebral disc, its
macroscopic anatomy and pathology: Part Ill. Pathologic changes in the
intervertebral disc. J Bone Joint Surg Br. 1945;27:460-474.

Friberg S, Hirsch C. Anatomical and clinical changes in lumbar disc degen-
eration. Acta Orthop Scand. 1949;19(2):222-242.

Lyons G, Eisenstein SM, Sweet MB. Biochemical changes in intervertebral
disc degeneration. Biochim Biophys Acta. 1981,673(4):443-453.

Koeller W, Muehlhaus S, Meier W, Hartmann F. Biomechanical properties
of human intervertebral discs subjected to axial dynamic compression:
influence of age and degeneration. J Biomech. 1986;19(10):807-816.
Bosacco SJ, Berman AT, Raisis LW, Zamarin RI. High lumbar herniations.
Case reports. Orthopaedics. 1989;12(2):275-278.

Spangfort EV. The lumbar disc herniation. A computer-aided analysis of
2,504 operations. Acta Orthop Scand Suppl. 1972;142:1-95.

Gupta R. A short history of neuropathic arthropathy. Clin Orthop.
1993;296:43-49.

This paper will be judged for the Resident Writer's Award.

www.amjorthopedics.com

April 2015 The American Journal of Orthopedics®

E105





