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Abstract
Objective—To characterize determinants of lung volumes in chronic spinal cord injury (SCI).

Design—Cross-sectional.

Setting—VA Boston Healthcare System.

Participants—White men (N=330) with chronic SCI.

Interventions—Not applicable.

Main Outcome Measures—Questionnaire responses and measurements of lung volumes.

Results—Adjusted for SCI severity and stature, greater body mass index (BMI) was associated (all
P<.05) with lower total lung capacity (TLC) (−38.7mL·kg−1·m2), functional residual capacity (FRC)
(−73.9mL·kg−1·m2), residual volume (RV) (−40.4mL·kg−1·m2), and expiratory reserve volume
(ERV) (−32.2mL·kg−1·m2). The effect of BMI on RV was most pronounced in quadriplegia
(−72mL·kg−1·m2). Lifetime smoking was associated with a greater FRC (5.3mL/pack a year) and
RV (3.1mL/pack a year). The effects of lifetime smoking were also greatest in quadriplegia (11mL/
pack a year for FRC; 7.8mL/pack a year for RV). Time since injury, independent of age, was
associated with a decrease in TLC, FRC, ERV, and RV (P<.05). Age was not a predictor of TLC
once time since injury was considered.

Conclusions—Determinants of FRC, TLC, ERV, and RV in chronic SCI include factors related
and unrelated to SCI. The mechanisms remain to be determined but likely involve the elastic
properties and muscle function of the respiratory system and perhaps the effects of systemic
inflammation related to adiposity. Addressing modifiable factors such as obesity, muscle stiffness,
and smoking may improve respiratory morbidity and mortality in SCI by improving pulmonary
function.
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Respiratory dysfunction results in significant morbidity and mortality in chronic SCI, and we
have previously related percent predicted FVC and FEV1 to greater mortality in persons in the
VA Boston SCI cohort study, independent of neurologic level and completeness of injury.1–
3 We designed the VA Boston SCI cohort study to assess the health consequences of respiratory
dysfunction in chronic SCI,3–5 and recently described cross-sectional determinants of FVC,
FEV1, and FEV1/FVC in this cohort. These determinants included SCI-related factors
(previous chest injury or operation, years since injury, MIP, as well as age, lifetime smoking,
BMI, and wheeze.5

TLC, FRC, RV, and ERV, hereafter collectively referred to as lung volumes, are abnormal in
chronic SCI. Early reports demonstrated changes in chest wall compliance and respiratory
muscle strength that were related to abnormal lung volumes.6–14 More recent studies have
reported variable effects of smoking on lung volumes.15–19 Information regarding other
clinical factors such as BMI, which is known to alter lung volumes in normative subjects,20–
31 has never been systematically collected.

In this study, we describe cross-sectional determinants of lung volumes in a large cohort of
persons with chronic SCI and suggest the possible clinical importance of these findings. We
hypothesized that there are potentially reversible clinical factors that are significant
determinants of lung volumes in SCI.

METHODS
Population

We previously described determinants of FVC and FEV1 in 339 white male participants in the
VA Boston SCI health study tested between October 1994 and June 2003,5 and the participants
in this study are from the same group. Briefly, among persons surviving at least 1 year after
injury, the subjects were recruited from the SCI service of the VA Hospital in Boston,
Massachusetts, and by community advertisement. Testing was done when participants were in
their usual state of health. None was using bronchodilators, and participants were excluded for
history of other neurologic disease or lung resection. There were insufficient numbers of
women and nonwhites to include for separate analyses. Nine persons were excluded because
lung volumes were not obtained, and 1 person tested 0.9 years after injury was included. The
final analysis in this report included 330 persons (traumatic SCI [n=299]; veterans [n=265]).
Etiologies for nontraumatic SCI included spondylosis, spinal cord tumors, and sequelae of
infections and surgical procedures. Study approval was obtained from the institutional review
boards of VA Boston Healthcare System, Harvard Medical School, and Brigham and Women’s
Hospital and informed consent was obtained.

Physical Examination
Motor level and completeness of injury was based on ASIA guidelines.32 A trained physician
(C.G. Tun in 305 cases [92%]) or research assistant determined motor level and completeness
of injury. Medical records were occasionally required (n=3). To distinguish SCI severity among
participants, they were divided into 9 motor injury level and completeness of injury groups.
Motor-complete SCI included high cervical (C4–5), low cervical (C6–8), high thoracic (T1–
6), low thoracic (T7–12), and lower levels. Motor incomplete SCI included AIS grade C (most
key muscles below the neurologic level grade <3/5) or AIS grade D (most muscles grade ≥3/5),
and was divided further into cervical grade C, other AIS grade C, cervical grade D, and other
AIS grade D. AIS grade C also included those with motor-complete SCI but some preservation
of function more than 2 levels below the injury. Participants were weighed and supine lengths
measured.33 In people declining length measurement or with severe joint contractures, stature
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was self-reported (n=62). Self-reported weight was used in 21 (6%) subjects who were not
weighed, and weight was obtained from medical record review in 3 subjects.

Health Questionnaire
A respiratory health questionnaire (American Thoracic Society–Division of Lung Diseases 78-
item questionnaire)34 with supplemental questions was administered. Chronic cough was
defined as cough on most days for 3 consecutive months of the year, and chronic phlegm was
defined similarly. Persistent wheeze was defined as wheeze reported on most days or nights,
or wheeze with a cold and occasionally apart from colds. Any wheeze was defined as including
any of these reports of wheeze. A smoker was defined as someone who had smoked more than
20 packs or at least 1 cigarette a day for 1 year. A current smoker reported cigarette use within
1 month of testing. New York Heart Association class 1 or 2 dyspnea was defined as shortness
of breath during talking, eating, or dressing. Participants were asked about chest injuries and
operations.

Pulmonary Function Tests
Spirometry was based on ATS standards35 modified for use in SCI as described previously.
5,36,37 Lung volumes measurements were by helium dilution and based on standards
suggested by a European Respiratory Society/American Thoracic Society Workshop.38 A 10-
L water-seal spirometera was used. At least 5 minutes elapsed between measurements, and if
the FRC values were not within 200mL, a third effort was obtained. The mean of the 2 closest
acceptable FRC results was used for analysis. Three hundred two (91.5%) subjects had at least
2 efforts within 200mL, 22 produced at least 2 acceptable efforts not within 200mL, and 6 had
1 acceptable measurement. SVC was measured and 312 (94.5%) had at least 2 acceptable
efforts within 200mL, 15 produced 2 acceptable efforts not within 200mL, and 3 had 1
acceptable measurement. ERV was obtained from the mean of the 2 highest SVC
measurements. RV was calculated by subtracting ERV from FRC, and TLC was calculated by
adding RV to the greater of SVC or FVC. Predicted lung volume values were calculated with
Crapo’s equations for men.39 MIP was measured 3 times using a pressure transducer and strip
chart recorder or computerized unit, and greatest values were reported. MEP was measured
using a trumpet style mouthpiece introduced later in the study and were therefore available for
fewer subjects (n=221).5 Because both variables are measures of respiratory muscle strength
and MIP correlated moderately well with MEP (Pearson r=.46, P<.001), MIP was used as a
general indicator of respiratory muscle performance.

Statistical Analysis
General linear models (PROC GLMb) were used to assess cross-sectional determinants and
calculate adjusted-mean values of each lung volume. After evaluating age, stature, and motor
level and completeness of injury (baseline models), other variables found significant at the .
10 level were further assessed in multivariate models and considered to be significant if P was
less than .05. Residual plots were examined for goodness of fit. We also assessed whether the
effects of time since injury, BMI, and total pack years on pulmonary function varied based on
SCI severity in 3 groups that included quadriplegia (cervical motor-complete and cervical AIS
grade C), paraplegia (others with motor-complete or AIS grade C), and all AIS grade D. The
other analyses included all 9 SCI severity groups.

aDSII; Collins Pulmonary Diagnostics, Ferraris Respiratory, 901 Front St, Louisville, CO 80027.
bSAS version 9.1; SAS Institute Inc, 100 SAS Campus Dr, Cary, NC 27513.
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RESULTS
General characteristics of the cohort are shown in table 1. The mean age was 50.6±14.8 years
with a mean 17.4±12.9 years after SCI. Multivariate predictors of lung volumes adjusting for
level and severity of injury are presented in table 2. Stature was a significant determinant of
TLC, FRC, and RV, but not ERV. Squared and cubic stature functions were examined and did
not significantly contribute to regression models. Greater BMI was associated with a linear
decrease in all lung volumes (range, −74 to −32mL·kg−1·m2; all P<.05). Time since injury was
associated with decreases in all lung volumes (range, −8 to −18mL/y; all P<.05), and age was
not a significant predictor of TLC (P=.23) once time since injury was included in the regression
model. Age and time since injury had independent effects on FRC, RV, and ERV. Greater age
was associated with increased FRC and RV and was a borderline predictor of decreased ERV,
and was retained in the final model for ERV. Greater MIP, a general indicator of respiratory
muscle performance, was associated with greater TLC (4mL/cm H2O, P<.05) and inversely
related to RV (−3mL/cm H2O, P<.05). Greater lifetime smoking (pack/y) was associated with
greater FRC and RV (5mL/pack a year, 3mL/pack a year, respectively; P<.05). A history of
physician-diagnosed COPD was associated with a greater RV. Factors that were not significant
multivariate predictors of any lung volumes included history of chest injury or operation,
wheeze, chronic cough, chronic phlegm, dyspnea, and asthma.

We evaluated BMI, time since injury, and pack a year for different effects among the 3 SCI
severity groups (table 3). The effects of BMI and time since injury on reducing TLC, FRC and
RV were similar among injury groups except for a significant interaction with BMI and RV,
which showed the greatest effect of BMI in the quadriplegics (−72mL·kg−1·m2, P=.007).
Lifetime smoking was associated with greater FRC and RV, and the effects were greatest in
quadriplegics when compared to all others (11mL/pack a year, 8mL/pack a year, respectively;
P=.04). Because measured stature and weight were not available in all participants, we included
indicator variables in the multivariate models adjusting for stated versus measured length and
weight. Similar results were obtained. The difference between stated and measured length in
participants with both measurements available was small (mean, 1.28cm).

Multivariate models (see table 2) were used to calculate the adjusted mean lung volumes and
95% CIs for each SCI severity group (table 4). To increase clinical applicability, the 9 a priori
SCI severity groups were analyzed. This allowed us to contrast the effects of SCI severity
having adjusted for other factors contributing to lung volumes. Percentage-predicted values
for each SCI severity group were based on the mean age and stature of the cohort.39 The effects
of SCI severity on TLC, FRC, and RV are demonstrated in figure 1 to figure 3.

DISCUSSION
We examined determinants of TLC, FRC, RV, and ERV in chronic SCI. Besides severity of
injury, significant determinants included BMI, time since injury, total packs a year smoked,
MIP, and physician-diagnosed COPD. In table 4 we present percent predicted values for these
lung volumes, adjusting for the covariates listed for each lung volume in table 2. In an SCI
patient, departures from these percentage-predicted values imply causes of respiratory
dysfunction other than injury severity. Our data also showed that the effects of BMI on RV
and the effects of lifetime smoking on FRC and RV were greatest in quadriplegia.

Previous studies describing lung volume patterns in SCI focused on spirometry or respiratory
mechanics, included few subjects, or assessed adequately only the effects of SCI severity on
pulmonary function. Nearly all prior studies were of quadriplegics and average values showed
decreased TLC and ERV, FRC in the low-normative range, and increased RV.7–18,40,41 The
combination of increased RV and decreased ERV (most pronounced in quadriplegia) is
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consistent with expiratory muscle weakness, airway closure at greater than normative lung
volumes, and possibly increased airway resistance.42 The decrement in TLC is consistent with
inspiratory muscle weakness and decreased compliance of the rib cage as it stiffens after SCI
(see below).9,12,43 Decreased rib cage compliance is likely counteracted by increased
abdominal compliance resulting in relatively normative range FRC.12,43

These prior results are largely similar to ours, although there are some differences in
percentage-predicted RV. The lower RV of the quadriplegics in this study compared with most
prior studies (118% vs ≈140% predicted) is partly explained by the fact that subjects in other
studies were either hospitalized or in a rehabilitation program8,10,11 and therefore had a
greater degree of impairment than our community-based participants. Furthermore, smoking
is associated with a greater RV, and this may in part account for values reported in the literature
when smoking status was not considered.7–14,17,18,40,41 Last, in this study we found that
RV decreased with increasing injury duration (see table 3 [Time since injury]). Given that our
subjects had a greater duration of injury than those in other studies, our subjects would tend to
have a lower RV than those in prior reports.

We found a significant decrease in all lung volumes with increasing BMI. This effect of BMI
has not been described previously in SCI, but a similar pattern has been observed in the able-
bodied. The preponderance of literature in the able-bodied shows decrement in lung volumes
proportional to BMI: decreased ERV,20–24 FRC,20,22,24–29 RV,26,30 and sometimes TLC.
25,31 These effects of BMI in the able-bodied were similar in magnitude24,29,31 to our results
in those with the least severe SCI, the all AIS grade D group (see table 3 [BMI]). Increased
BMI appeared to have a larger effect in quadriplegia for TLC, FRC, and RV, and the BMI
interaction among injury groups was significant for RV (P=.007). Contributing to the greater
effect of BMI is, in contrast to the other SCI injury groups, the relatively high RV of the lung
in quadriplegia. This places the respiratory system on a more compliant part of its pressure-
volume curve rendering RV more sensitive to gravitational effects of increased chest wall
weight.

An additional factor that may explain or be a marker for a BMI-related reduction in lung
volumes involves the relationship between CRP, a marker of systemic inflammation, the
adipokine leptin, and lung function. In persons without SCI, greater levels of CRP and leptin
are associated with reduced lung function.44–53 These circulating markers are also associated
with an increased BMI and a greater proportion of adipose tissue.51,54,55 Chronic SCI has
been associated with elevated levels of CRP, and elevated leptin levels have been attributed to
an SCI-related increase in adiposity.56–60 Additional study is required to assess whether CRP
and leptin attributable to a greater BMI may serve as markers for inflammatory processes
related to abnormal lung volumes in chronic SCI.

We found associations between time since injury and reduction in TLC, FRC, RV, and ERV.
This effect was independent of age for all lung volumes (see table 2), and similar results have
been seen with FEV1 and FVC in SCI.5,16 Compliance characteristics of the respiratory system
are likely responsible for these findings. Abdominal compliance has been shown to be increased
in chronic SCI12,43,61 and is unlikely to significantly decrease with time. Lung compliance
has been demonstrated to be decreased9,12 but specific compliance was normative8,43 and
similar between subjects with acute and chronic SCI.43 In contrast, rib cage compliance has
been shown to be decreased in SCI and likely results from muscle spasticity and contractures.
12 These data may imply that our finding of decreases in all lung volumes with increasing time
since injury is primarily due to progressive decrease in the volume of the rib cage at any given
distending pressure. Following training programs, increased TLC and vital capacity have been
ascribed to improved respiratory muscle performance.62–64 But it also seems possible that
such increases are because the rib cage becomes more distensible due to repeated stretch in a
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manner analogous to treatment of limb contractures. Additional support for the importance of
low rib cage distensibility is provided by the cervical motor-complete patients with below
normative RV (50%–80%). Prior reports have also included motor-complete quadriplegics
with below normative RV8,11,42 and this is inconsistent with the effects of respiratory muscle
weakness alone. The fact that these subjects in our study also have very low TLC (data not
shown) suggests that the dominant effect on RV in this group is rib cage stiffness rather than
respiratory muscle weakness. To date, there have not been measurements assessing
longitudinal changes of rib cage or lung compliance in chronic SCI.

As in the able-bodied, greater lifetime smoking was correlated with increased FRC and RV.
65,67 These alterations in lung volumes may be contributed to by smoking-related lung
pathology, because lifetime smoking also decreases FEV1 and FEV1/FVC in chronic SCI.5
There are not previously published data showing that SCI increases airway susceptibility to
smoking-induced changes. However, this may actually be the case because, in our quadriplegic
subjects, lifetime smoking was significantly associated with a greater FRC and RV compared
to all others (11mL/pack a year, 8mL/pack a year, respectively; P=.04) (see table 3 [Total pack
years]). These observations and the significant relationship of physician-diagnosed COPD with
increased RV suggest that smoking cessation may be a particularly important intervention in
quadriplegics.

Study Limitations
This study was limited to white men. However, the effects of factors such as years of injury,
BMI, age, and smoking are unlikely to vary widely based on race or sex. Because those with
the worst pulmonary function may be less likely to survive, our cross-sectional study may be
biased by overrepresentation of participants with better pulmonary function. A longitudinal
assessment of pulmonary function in our cohort is underway to address this limitation. It is
also possible that the persons who participated had greater concern regarding their health (and
possibly lower pulmonary function) compared with nonparticipants. Because we made efforts
to be inclusive in our recruitment, it is unlikely that persons were selected based on their health
status. Although self-reported stature or weight may be an overestimate,33,68 adjustment for
stated versus measured stature and weight did not influence the results of our study. Exclusion
of participants unable to undergo accurate measurement of stature would have resulted in the
differential exclusion of participants with higher and more complete injury levels.

CONCLUSIONS
We found that determinants of FRC, TLC, ERV, and RV in chronic SCI included factors related
and unrelated to the injury itself. Reductions in lung volumes likely were related to progressive
changes in the elastic properties and muscle function of the respiratory system. Markers of
systemic inflammation, such as CRP, are associated with increased BMI and with reduced lung
function in the able-bodied. We speculate that this relationship may also contribute, perhaps
in an exaggerated manner to reduced lung function in SCI. Addressing modifiable factors such
as obesity, rib cage stiffness, and smoking may improve respiratory morbidity and mortality
in SCI by improving pulmonary function, particularly in quadriplegia, in which some of the
effects of obesity and smoking were greatest.
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Fig 1.
Mean calculated TLC (with 95% CIs) versus (A) level and (B) severity of injury.
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Fig 2.
Mean calculated FRC (with 95% CIs) versus (A) level and (B) severity of injury.
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Fig 3.
Mean calculated RV (with 95% CIs) versus (A) level and (B) severity of injury.
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Table 1
Baseline Characteristics of White Men With Chronic SCI

Characteristics

Level and Severity of
Injury

Total (N=330)Quadriplegia:
Cervical Motor

Complete and AIS
Grade C (n=94)

Paraplegia:
Other Motor
Complete and
AIS Grade C

(n=155)

All AIS Grade D
(n=81)

Age (y) 47.8±14.0 50.4±15.3 54.3±14.2 50.6±14.8

Height (cm) 179.1±7.3 177.2±7.4 177.2±7.6 177.7±7.4

BMI (kg/m2) 25.2±4.9 26.2±5.0 27.8±5.2 26.3±5.1

Obese (BMI >30kg/m2) 15 (16.0) 35 (22.6) 20 (24.7) 70 (21.2)

Years postinjury 17.3±12.5 19.2±13.0 14.2±12.5 17.4±12.9

Smoking

Current 19 (20.2) 32 (20.6) 32 (39.5) 83 (25.2)

Ex 43 (45.7) 64 (41.3) 28 (34.6) 135 (40.9)

Never 32 (34.0) 59 (38.1) 21 (25.9) 112 (33.9)

Lifetime pack-years (for ever
smokers)

25.5±24.6 29.2±24.4 33.4±22.0 29.3±23.9

Medical history and symptoms

Chest injuries 18 (19.1) 57 (36.8) 17 (21.0) 92 (27.9)

Chest operations 9 (9.6) 28 (18.1) 13 (16.1) 50 (15.2)

MD-diagnosed COPD 3 (3.2) 9 (5.8) 6 (7.4) 18 (5.5)

Physician-diagnosed asthma 4 (4.3) 12 (7.7) 6 (7.4) 22 (6.7)

Chronic cough 10 (10.6) 22 (14.2) 18 (22.2) 50 (15.2)

Chronic phlegm 16 (17.0) 25 (16.1) 22 (27.2) 63 (19.1)

Persistent wheeze 5 (5.3) 21 (13.6) 22 (27.2) 48 (14.6)

Any wheeze 42 (44.7) 65 (41.9) 48 (59.3) 155 (47.0)

NYHA class I or II dyspnea 12 (12.8) 6 (3.9) 4 (4.9) 22 (6.7)

Pulmonary function data

TLC (L) 5.55±1.14 6.21±1.07 6.27±1.20 6.04±1.16

FRC (L) 2.95±0.90 3.02±0.83 3.08±0.76 3.01±0.84

RV (L) 2.34±0.82 2.07±0.69 2.13±0.57 2.16±0.71

ERV (L) 0.62±0.39 0.95±0.50 0.96±0.53 0.85±0.50

Percentage-predicted TLC 78.7±15.2 89.9±13.8 90.5±13.7 86.8±15.0

Percentage-predicted FRC 82.4±25.7 85.7±21.8 86.6±18.9 85.0±22.3

Percentage-predicted RV 117.2±43.7 102.5±31.8 100.9±21.8 106.3±34.3

Percentage-predicted ERV 40.4±27.4 64.1±33.1 64.9±33.3 57.5±33.3

Percentage-predicted FEV1 63.0±15.7 84.1±16.4 81.4±16.1 77.3±18.5

Percentage-predicted FVC 60.7±15.4 83.2±15.2 83.3±15.2 76.7±18.3

FEV1/FVC 81.7±9.9 78.5±8.0 75.0±8.7 78.6±9.1
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Characteristics

Level and Severity of
Injury

Total (N=330)Quadriplegia:
Cervical Motor

Complete and AIS
Grade C (n=94)

Paraplegia:
Other Motor
Complete and
AIS Grade C

(n=155)

All AIS Grade D
(n=81)

MIP 74.6±28.9 96.2±33.8 83.5±31.9 86.9±33.2

MEP* 73.8±28.2 108.9±45.5 125.9±48.5 103.3±46.6

NOTE. Values are mean ± SD or number (%).

Abbreviations: MD, physician; NYHA, New York Heart Association.

*
MEP has 109 missing values (29 quadriplegic, 61 paraplegic, 19 all grade D).
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Table 2
Multivariate Predictors of Lung Volumes

Covariate TLC β (95% CL) FRC β (95% CL) RV β (95% CL) ERV β (95% CL)

BMI (kg/m2) −38.7 (−59.2 to
−18.2)

−73.9 (−89.2 to
−58.6)

−40.4 (−54.0 to −26.7) −32.2 (−42.0 to
−22.3)

Time since injury (y) −17.3 (−25.5 to
−9.2)

−17.5 (−24.3 to
−10.7)

−10.4 (−16.4 to −4.5) −7.9 (−12.3 to
−3.5)

Stature (cm) 66.9 (53.1 to 80.7) 33.4 (23.4 to 43.5) 27.2 (18.4 to 36.0) NA

Age (y) NA 17.1 (10.9 to 23.4) 16.9 (11.0 to 22.8) −2.8 (−6.7 to 1.1)
*

MIP (cmH2O) 4.0 (0.7 to 7.4) NA −3.2 (−5.5 to −0.9) NA

Pack-years NA 5.3 (2.1 to 8.5) 3.1 (0.3 to 6.0) NA

MD-diagnosed COPD NA NA 342.3 (56.6 to 628.0) NA

NOTE. All models are adjusted for level and severity of injury; variables without regression coefficients listed were not included in the final model for

that lung volume; the units for β values are milliliters of lung volume divided by units of each specific variable; adjusted R2 values for the models were .
39, .38, .36, and .27 for TLC, FRC, RV, and ERV, respectively.

Abbreviations: CL, confidence limits; NA, not applicable.

*
P=.16.
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Table 3
Effect Modification

Lung Volume

Motor Level and Severity of Injury Interaction P

Quadriplegia β (95% CL) Paraplegia β (95% CL) All AIS Grade D β
(95% CL)

BMI (kg/m2)

TLC −53.3 (−93.3 to −13.3) −30.2 (−60.6 to −0.3) −35.8 (−76.0 to 4.5) .66

FRC −82.1 (−110.7 to −53.4) −76.0 (−98.0 to −54.1) −63.5 (−93.0 to
−34.0)

.66

RV −72.0 (−96.8 to −47.2) −35.4 (−54.5 to −16.2) −17.0 (−42.4 to 8.4) .007

Time since injury (y)

TLC* −27.6 (−43.1 to −12.1) −14.2 (−26.0 to −2.3) −8.4 (−25.1 to 8.3) .22

FRC −23.9 (−35.4 to − 12.3) −20.8 (−29.9 to −11.6) −7.8 (−20.0 to 4.3) .12

RV −15.3 (−25.5 to −5.0) −10.4 (−18.4 to −2.4) −6.6 (−17.3 to 4.0) .49

Total pack years

FRC† 11.0 (5.0 to 17.0) 4.6 (0.0 to 9.2) 2.3 (−4.0 to 8.6) .11

RV† 7.8 (2.5 to 13.0) 2.1 (−1.9 to 6.1) 1.0 (−4.5 to 6.5) .14

NOTE. The units for β values are milliliters of lung volume divided by units of each specific variable.

*
P=.13 comparing quadriplegics versus all others.

†
P=.04 comparing quadriplegics versus all others.
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